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INTRODUCTION* 

The  results  of  the  studies  on  the  effect  of  sleep  upon  retention 
are  of  great  theoretical  and  practical  importance.  If  they  are 
sustained  the  accepted  theories  of  retention  and  of  obliviscence 
■will  have  to  be  considerably  modified/  and  the  study-habit,  fre- 
quently recommended,^  of  learning  just  before  going  to  sleep  will 
be  empirically  justified  and  rationally  explained.  The  results  have, 
furthermore,  an  important  bearing  upon  the  much  discussed  sub- 
ject of  retroactive  inhibition.^ 

All  the  studies  upon  retention,  even  those  dealing  with  the  effect 
of  sleep,  have  their  origin  in  Ebbinghaus  (7).  When  Ebbinghaus 
plotted  his  curve  of  retention  he  found  a  discrepancy  between  the 
empirical  and  the  theoretical  results  of  the  8.8  and  24-hr.  periods 
that  ''was  not  credible"  (see  Table  VIII,  p.  42).  The  loss  for  the 
24-hr.  period  from  24  to  48  hr.  was  almost  three  times  as  much  as 
that  for  the  15-hr.  period  from  8.8  hr.  to  24  hr.  He  suggested  that 
this  result  might  be  due  (1)  to  the  fact  that  sleep,  predominating 
more  in  the  latter  period,  retarded  the  forgetting,  or  (2)  to  acci- 
dental and  uncontrolled  errors.  After  considering  these  possibil- 
ities he  discarded  the  first  and  accepted  the  second. 

Similar  discrepancies  (see  Table  VIII)  were  obtained  in  the 
curves  of  retention  at  the  8-  and  24-hr.  periods  by  Radosavljevich 
(24)  and  by  Boreas*  (2),  and  by  Luh  (16)  for  his  relearning 
curve  from  the  4-  to  24-hr.  periods.  Bean  (1)  and  Finkenbinder^ 
(8)  attempted  explanations  of  Ebbinghaus'  and  Radosavljevich 's 
discrepancies  at  the  8-  and  24-hr.  periods.  None  of  these  investi- 
gators considered,  however,  the  possibility  that  sleep  might  have 
effected  the  results  by  retarding  forgetting.     Foucault®   (9)   in  a 

*  Prom  the  Psychological  Laboratory  of  Columbia  University.  This  study 
■was  directed  by  Professor  Karl  M.  Dallenbach. 

1  Cf.,  for  example  the  treatments  of  Hunter  (13,  p.  599-605)  and  McGeoch 
(18)  and  (19). 

2  Cf .,  for  example  McDougall  (17)  has  called  attention  to  the  fact  that 
retroactive  inhibition  throws  some  light  on  the  assertion  of  many  persons  that 
what  is  learned  just  before  falling  to  sleep  is  remembered  with  unusual  exact- 
ness. 

3  For  recent  discussion  of  this  subject  see  Skaggs  (28),  especially  Chapters 
IV,  V,  VI,  VII,  and  XII. 

4  The  writer  is  indebted  to  Professor  E.  S.  ■Woodworth  for  the  reference 
to  and  translation  of  Boreas'  article. 

5  Finkenbinder  attempted  a  correction  of  Eadosavljevich's  data  to  smooth 
out  the  latter 's  curve.  The  writer,  after  a  careful  study  of  Eadosavljevich's 
tables,  is  unable  to  verify  Finkenbinder 's  correction. 

6  The  writer  is  indebted  to  Professor  J.  A.  McGeoch  for  the  reference  to 
Foucault. 
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j)ractically  unknown  paper  reporting  some  work  on  retroactive 
inhibition,  suggests,  without  giving  Ebbinghaus  credit  for  having 
thought  of  it,  that  the  latter 's  discrepancy  from  8.8-  to  24-hrs.  was 
due  to  the  predominance  of  sleep  which  prevented  the  inhibition 
produced  by  day  time  activity. 

The  earliest  investigator  of  this  problem  of  sleep  and  retention 
was  Heine  (12),  who  apparently  unaware  of  Ebbinghaus'  sugges- 
tion, took  her  cue  from  a  statement  made  bj^  McDougall  (17),  see 
foot-note  2,  page  5,  our  article.  She  compared  retention  after 
24-hrs.  when  the  nonsense  syllables  were  learned  just  before  going 
to  bed  and  when  they  were  learned  with  waking  intervals  inter- 
])olated  between  the  learning  and  sleep.  Four  (Ss  tested  with  the 
savings  method  gave  reliable  individual  results  definitely  in  favor  of 
sleep,  the  percentages  of  retention  being  on  the  average  47%  and 
36%.  A  similar  comparison  with  two  Sa,  using  the  method  of 
paired  associates  was  likewise  definitely  in  favor  of  sleep. 

The  first  to  study  the  problem  in  the  light  of  the  suggestion 
proposed  and  rejected  by  Ebbinghaus,  were  Jenkins  and  Dallen- 
bach  (14).  These  experimenters,  using  the  method  of  retained 
members  and  testing  the  intervals  of  1,  2,  4,  and  8  hrs.,  discovered 
that  for  their  two  /Ss,  on  the  average  twice  as  many  nonsense 
syllables  were  recalled  after  sleep  than  after  waking.  The  superi- 
ority of  the  reproductions  after  sleep  was  greatest  for  the  8-hr. 
period.  The  results  showed,  however,  a  statistically  reliable  dif- 
ference in  favor  of  sleep  at  each  of  the  other  three  time  intervals. 
From  the  2-hr.  period  on,  the  retention  curves  for  sleep  were 
practically  horizontal  lines.  The  results  for  the  two  /S's  were  prac- 
tically the  same.  Nicolai  (23)  studying  reminiscence  in  tests  of 
memory  for  objects,  found  the  tendency  at  times,  with  adults,  for 
the  number  of  items  reported  to  first  increase  at  the  24-hr.  interval. 
He  thinks  this  substantiates  Radosavljevich's  recovery  after  sleep. 
Nicolai 's  was  not  an  extended  study  of  sleep  and  his  results  are 
only  a  suggestion.  "With  children  of  a  certain  age  he  found  remi- 
niscence occurring  first  at  1  hr.  rather  than  after  a  period  of 
sleep.  Dahl  (5)  using  the  recognition  method,  repeated  the  work 
of  Jenkins  and  Dallenbach  and  reported  group  averages  for  14  jSs, 
showing  that  recognition  of  nonsense  syllables  and  nonsense  draw- 
ings was  better  after  4  and  8  hrs.  of  sleep  than  after  the  same 
time  intervals  of  waking.  After  1  and  2  hrs.  the  recognition  after 
sleep  was  worse  than  after  waking.  This  latter  result  appeared  to 
be  due  in  part  at  least  to  the  greater  drowsiness  of  the  awakened 
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/8s  at  1  and  2  hrs.  disposing  them  to  make  more  yes  answers. 
Spight  (29),  using  51  Ss,  compared  two  12-hr.  rest  periods  between 
the  partial  learning  and  complete  learning  of  lists  of  paired  words. 
One  rest  period  occurred  during  the  day  and  the  other  during  the 
night,  the  major  portion  of  the  latter  period  being  devoted  to  sleep. 
Comparing  the  average  number  of  repetitions  for  complete  learning 
under  both  conditions  there  was,  between  the  group  averages,  a  dif- 
ference of  half  a  repetition  in  favor  of  the  night  rest  (PE  diff.  is 
0.15),  meaning  that  the  learning  with  night  rest  took  9%  less  time. 
The  object  of  the  present  study  was  to  obtain  further  informa- 
tion regarding  the  effect  of  sleep  upon  retention.  It  was  proposed 
in  particular  to  repeat  Jenkins  and  Dallenbach's  work,  again  using 
nonsense  syllables,  but  this  time  employing  the  more  precise  and 
exacting  method  of  savings;  and  it  was  hoped  to  obtain  results, 
through  refinement  of  technique,  that  would  explain  or  reconcile 
the  discrepancies  obtained  by  the  earlier  investigations  of  Jenkins 
and  Dallenbach,  and  of  Dahl. 


METHOD  AND  PROCEDURE 

Subjects  and  Experimenters.  The  author  {Y)  and  his  wife 
((?)  acted  alternately  as  S  and  E.  Both  worked  without  knowl- 
edge of  their  own  results  as  8,  and  G  without  knowledge  of  any 
of  the  previous  work  on  the  specific  problem  being  investigated 
and  without  having  read  any  extended  treatise  on  the  experimental 
studies  of  memory. 

There  are,  admittedly,  some  undesirable  features  in  having 
each  S  act  as  the  other's  E,  but  the  advantages  outweighed  the  dis- 
advantages; particularly  as  the  disadvantages  were  partially  if 
not  entirely  eliminated  by  the  following  procedure.  Each  con- 
structed the  other's  sj^llable-lists  which  were  so  planned,  as 
described  below,  that  a  given  syllable  did  not  appear  in  the  lists  of 
either  oftener  than  once  in  16  experimental-periods.  The  syllable- 
lists  were  not  visible  to  E  as  they  were  being  presented  to  8,  and 
the  hum  of  the  motor  used  to  drive  the  memory  apparatus  served 
as  a  sound-screen  which  masked  the  syllables  from  E  as  they  were 
pronounced  by  8.'  Furthermore,  the  records  for  every  experi- 
mental-period were  recorded  upon  a  separate  card,  and  the  cards 
filed  away  until  the  close  of  the  investigation.  Not  only  did  8  not 
know  his  own  results,  but  results  of  previous  periods  were  also  un- 
known to  E,  except  as  E  might  recall  them  from  memory.  More- 
over, 8  did  not  know  his  experimental  schedule,  the  experiments 
taking  place  according  to  planned  haphazard  orders  known  only 
to  the  E. 

Memory  Material.     Nonsense  syllables,   selected   from   Glaze's 
(11)  tables  of  3-letter  syllables,®  were  used  as  the  memory  material 

7  Both  Es  reported  that  they  never  clearly  perceived  the  syllables  as  S  pro- 
nounced them,  and  that  they  paid  no  attention  to  the  individual  syllables  when 
they  placed  the  lists  on  the  memory  apparatus. 

8  No  account  was  taken  of  Glaze 's  association  values.  He  spelled  the 
syllables  audibly  as  he  presented  them  to  the  5's  visually ;  he  instructed  his  <Ss  to 
searcli  for  meaning,  that  was  their  sole  task ;  and  he  gave  them  a  3-sec.  interval 
in  which  to  do  it.  Therefore  because  of  these  great  differences  in  procedure, 
task,  instruction,  and  exposure-interval  his  association  values  would  not  seem 
to  be  comparable  to  the  situation  for  the  arousal  of  meaning  as  it  exists  in 
many  memory  experiments.  Moreover,  it  would  have  been  impossible  to  have 
followed  his  association  values  and  to  have  constructed  630  lists  according  to 
the  rules  which  Avere  employed. 

We  did  not  wish  to  use  a  combination  of  3-  and  4-letter  syllables  as  was 
done  by  Gamble  (10).  This  would  seem  to  make  certain  syllables  more  im- 
pressive than  others.  For  the  same  reason  we  objected  to  4-letter  syllables  of 
any  form,  even  to  the  using  of  all  4-letter  syllables,  believing  that  various 
combinations  of  3  consonants  and  a  vowel  or  2  consonants  and  2  vowels  are 
found  to  make  some  syllables  more  impressive  than  others.     Moreover,  it  is 
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and  constructed  into  12-syllable  lists.  Syllables  that  had  meaninj? 
in  any  language  known  to  the  Ss^  and  that  violated  Gamble's  (10) 
modification^"  of  Miiller  and  Schumann's  rules,  in  so  far  as  these 
rules  applied  to  3-letter  syllables,  were  eliminated.  The  following 
variation  from  Gamble's  rules  should  be  noted  here.  (1)  Since  the 
material  was  limited  strictly  to  three  letter  syllables  no  diphthongs 
w-ere  used  as  vowels.  (2)  "We  did  not  agree  with  Gamble's  exclu- 
sion of  -er  because  of  confusion  with  -ur  or  of  -or  for  confusion 
Avith  -or.  In  our  system  of  pronunciation,  see  note  11,  no  con- 
fusion occurred.  Accordingly  syllables  with  such  endings  were 
not  excluded  in  our  selection.  The  remaining  syllables  were  writ- 
ten upon  cards,  once  with  a  short,  and  once  with  a  long  diacritical 
mark  over  the  vowel.  Using  the  vowels  a,  e,  i,  o,  and  u,  this  pro- 
cedure gave  us  10  vowel  sounds  for  a  list."  With  this  procedure, 
in  some  cases,  one  pronunciation  of  the  vowel  for  a  given  combina- 
tion of  3  letters  would  have  meaning.  The  card  with  that  pro- 
nunciation was  discarded  and  the  other  retained.  After  the  ap- 
plication of  the  above  rules  1376  cards  remained,  518  syllables  with 
both  long  and  short  pronunciations  and  340  syllables  which  could 
be  used  in  only  one  pronunciation. 

In  the  construction  of  the  lists.  Gamble's  modification  of  Miiller 
and  Schumann's  rules  was  again  followed  with  the  following 
modifications  and  additions.  (1)  Since  we  objected  to  using  diph- 
thongs (see  note  8,  p.  6)  and  had  only  10  vowel  sounds,  the  follow- 
ing rule  was  adopted.  The  vowel  sounds  may  not  be  repeated  in 
the  first  10  syllables.  Two  vowel  sounds  of  the  same  letter  may 
never    occur    in    consecutive    syllables.     In    the    11th    and    12th 

the  writer 's  past  experience  that  the  pronunciation  of  4-letter  syllables  as : 
nowf,  homv,  veyk,  woik,  etc.,  is  extremely  difficult. 

9  Both  5s  were  native  born  Americans  and  had  studied  Latin  and  French. 
One  S  also  had  a  reading  knowledge  of  German.  Any  syllable  was  excluded 
which  the  5s  recognized  as  literally  a  word  or  which  when  pronounced  as  the 
diacritical  mark  indicated,  corresponded  phonetically  with  a  word,  slang  term, 
or  nick-name  known  by  the  <Ss  in  any  of  the  above  mentioned  languages.  Both 
/Ss  read  through  the  syllables  to  determine  this  before  the  lists  were  constructed. 
As  Gamble  (10,  p.  21-22)  has  pointed  out,  Ebbinghaus,  and  Miiller  and  Schu- 
mann certainly  did  not  have  all  the  German  words  excluded  from  their  lists. 
She  has  found  2.8%  German  words  in  540  lists  of  the  latter  men  and  26.8% 
words  in  similar  English  lists.  Gamble  made  no  effort  to  eliminate  English 
words  except  where  two  successive  syllables  made  a  word  or  phrase.  This  same 
criticism  applies  to  lists  used  by  other  investigators. 

10  DeCamp  (6),  Cason  (3),  and  Luh  (16)  have  also  set  forth  modified 
rules  for  constructing  nonsense  syllables  lists.  But,  in  the  writer's  opinion, 
Gamble's  modification  of  Miiller  and  Schumann's  rules  is  to  be  preferred. 

11  The  following  were  the  sounds:  a  as  in  say;  a  as  in  fat;  e  as  in  be;  e  as 
in  bet;  i  as  in  mine;  i  as  in  it;  6  as  in  no;  6  as  in  mob;  u  as  in  lute;  u  as 
in  up. 
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syllables  a  long  vowel  and  a  short  vowel  are  to  be  repeated,  any 
vowel  letter  except  that  of  the  10th  syllable.  Of  course  the  11th 
and  12th  vowels  may  not  be  the  same  letter.  (2)  The  long  and 
short  markings  (  "  and  ^  occurred  in  the  various  positions 
throughout  the  lists  in  a  controlled  haphazard  order  so  that  in  the 
()30  lists  a  ~  mark  and  a  ^  mark  got  no  decided  lead  over  the 
other  in  any  given  position  and  in  the  total  lists  occurred  approxi- 
mately the  same  number  of  times  in  each  of  the  12  positions.  (3) 
No  two  or  more  successive  syllables,  taken  literally  or  phonetically 
may  obviously  form  a  familiar  word  or  phrase  in  any  language 
known  to  the  S}"^  Gamble's  rules,  with  these  modifications,  are  a 
great  aid  in  pronunciation,  and  in  avoidance  of  obvious  inequality 
in  the  diflSculty  of  syllables  and  lists  when  construction  is  left  to 
chance. 

In  regulating  the  occurrence  of  given  syllables  the  following  pro- 
cedure was  adopted.  The  cards  were  thoroughly  shaken  in  a  good 
sized  cardboard  carton  and  drawn  out  as  needed.  If  a  syllable 
did  not  conform  to  the  rules  as  above  indicated  it  was  put  back  in 
the  box  for  future  use.  The  cards  used  in  the  lists  were  put 
aside  in  packs  numbered  according  to  the  lists  which  they  com- 
posed and  kept  out  of  the  box  until  too  few  cards  were  left  available 
to  construct  lists  according  to  the  rules.  The  unused  residue  was 
then  always  worked  in  as  soon  as  the  rules  permitted.  The  -Es 
constructed  10  lists  simultaneously,  making  the  chances  even  as  to 
whether  a  syllable  would  occur  again,  when  its  time  came,  in  the 
lists  of  experimenter  G  or  V.  At  the  end  of  every  20  lists,  10  for 
each  E,  the  lists  were  typed  on  strips  of  good  quality  bond  paper, 
suitable  to  fit  on  the  drum  of  the  presentation  apparatus.  All  three 
letters  were  small  pica  type,  no  capitals  being  used.^^  A  special 
key  on  the  typewriter  gave  the  ~  and  "  marks  for  the  vowels.  If 
a  wrong  key  was  hit  in  typing  a  list,  the  list  was  retyped  so  that 
no  erasures  might  effect  the  relative  impression  values  of  the 
separate  syllables. 

12  In  spite  of  care,  some  violations  of  this  rule  are  bound  to  be  noticed 
by  an  S ;  and  such  was  the  case  with  us.  Miiller  and  Schumann  excluded  only 
those  taken  literally  in  German,  not  wanting  to  make  the  exclusion  a  subjective 
matter.  Gamble  refrained  from  excluding  English  words  except  where  two 
together  made  a  word  or  phrase.     Our  procedure  seems  to  be  an  improvement. 

13  Some  investigators  have  used  all  small  letters ;  some  have  used  all  capi- 
tals ;  some  do  not  say  which  were  used.  One  at  least  used  the  first  letter  a 
capital  and  the  other  two  small  letters.  It  seems  best  to  use  all  small  letters. 
All  capitals  resemble  too  much  the  abbreviations  of  organizations  or  the  letters 
of  radio  call  stations.  Initial  capital  and  rest  small  would  seem  more  likely  to 
resemble  a  word. 
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It  was  possible  to  construct  90  lists,  45  for  each  S,  without  re- 
peating a  syllable.  This  left  a  residue  of  insufficient  diversity  to 
comply  with  the  rules.  In  the  building  of  the  next  lists  this 
residue  was  used  first  where  possible  and  when  necessary  was  sup- 
plemented from  the  shuffled  cards  from  the  first  40  lists,  20  for 
each  S's  set.  This  residue  of  unused  cards  was  kept  separate  from 
the  re-shuffled  cards  until  used.  From  the  110th  list  on,  at  the 
end  of  every  20  lists,  10  for  each  S,  the  earliest  20  then  remaining 
from  the  previous  lists  (10  for  each  S)  were  shuffled  into  the  supply 
for  constructing  lists.  Thus  we  can  say  that  for  the  first  90  lists, 
45  for  each  8,  no  syllahle  was  repeated,  and  that  from  then  on  a 
syllable  could  not  reoccur  oftener  than  every  50  lists  or  every  16 
experimental  periods  of  the  investigation.  In  order  to  insure  at 
least  a  minimum  number  of  reoccurrences  of  a  syllable,  at  the  end 
of  every  90  lists,  45  for  each  S,  the  residue  of  unused  syllables  was 
kept  separate  from  the  used  lists  being  shuffled  in.  This  residue 
was  then  worked  into  the  lists  just  as  soon  as  the  rules  permitted. 
A  tabulation  of  when  these  residues  were  exhausted  shows  that 
every  syllable  occurred  at  least  five  times  in  the  630  lists  con- 
structed.^* 

The  first  510  lists  to  be  used  in  the  main  experiments  were  con- 
structed during  the  month  of  July  1931  and  put  away  to  be  for- 
gotten. The  remaining  120  lists  were  constructed  during  the  last 
of  October  and  the  first  part  of  November  1931.^^  Since  the  main 
experiment  did  not  begin  until  December  11,  1931,  it  is  obvious 
that  at  least  three  months  intervened  between  the  construction  of  a 
list  and  its  use.  Since  more  lists  were  used  than  had  been  planned, 
each  *S',  when  he  had  exhausted  his  set  of  315  lists,  started  learning 
the  set  which  he  had  constructed.  Certainly  no  memory  for  these 
lists  existed  after  having  learned  315  others. 

Apparatus.     No  suitable  exposure  apparatus  being  available,^^ 

1*  Of  necessity  some  syllables  occurred  more  often ;  but,  as  mentioned  above, 
never  more  often  than  every  50  lists,  or  13  times  in  the  630  lists.  Of  course  a 
syllable  may  have  occurred  in  one  S's  lists  more  often  than  in  the  other's. 
This  was  left  to  chance.  We  were  interested  in  keeping  both  of  us  from  hear- 
ing or  seeing  a  syllable  in  any  way — as  either  E  or  S — for  the  longest  feasible 
period  of  time. 

15  It  may  be  interesting  to  note  the  labor  involved  in  this  work.  After 
becoming  skilled  at  the  task  it  still  took  2i  hours  to  construct  and  type  ten 
lists. 

16  The  writer  objects  to  using  the  hand  operated  memory  drum  as  used 
by  Luh  (16)  and  others  in  the  Chicago  Laboratory,  there  certainly  being  a 
large  variable  error  which  might  be  a  distraction  to  the  S.  The  method  is  also 
a  strain  on  the  E;  especially  would  this  have  been  true  in  our  case,  where  we 
wanted  to  present  three  lists  at  a  sitting  and  at  a  faster  rate  than  the  2  sec. 
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it  was  suggested  to  the  writer^''  that  an  apparatus  be  constructed  to 
be  operated  by  a  motor  and  to  have  the  intermittent  movement  of 
the  syllables  as  in  the  Lippmann  apparatus.^*  Accordingly  an 
apparatus  was  constructed  consisting  of  two  upright  brass  posts 
15  cm.  high  and  41/2  cm.  apart,  fastened  at  the  bottom  to  a  metal 
base  of  angle  irons  and  joined  at  the  top  by  a  horizontal  brass  post. 
To  the  outside  of  one  brass  post  was  attached  a  stationary  horizon- 
tal metal  shaft  upon  which  the  memory  drum  could  revolve.  The 
memory  drum  consisted  of  a  hollow  aluminum  cylinder  of  51  mm. 
outside  diameter  and  67  mm.  width,  with  one  end  open  and  the 
other  closed,  with  the  exception  of  a  hollow  tube  extending  in  on 
the  axis  of  the  cylinder  from  the  end  and  acting  as  the  bearing  on 
which  the  cjdinder  revolved  when  pushed  onto  the  stationary  shaft 
mentioned  above.  The  hollow  tube  in  the  center  of  the  cylinder 
contained  a  spring  tongue  which  caught  in  a  groove  in  the  end 
of  the  stationary  shaft,  thus  holding  the  revolving  cylinder  on  the 
shaft.  At  the  proper  distance  below  the  stationary  shaft  a  re- 
volving steel  shaft  went  through  both  brass  posts.  The  shaft 
fitted  tightly  so  that  there  was  no  need  for  any  additional  bearings, 
the  steel  shaft  revolving  against  the  brass  of  the  posts  seeming  to  be 
satisfactory.  On  the  cylinder  side  of  the  brass  posts  the  revolving 
shaft  contained  a  shoulder  or  collar  containing  two  pins  which 
engaged  a  cogwheel  attached  to  the  "closed"  end  of  the  cylinder 
or  drum,  thus  producing  an  intermittent  revolution  of  the  latter 
as  the  shaft  rotated.  The  other  end  of  the  revolving  shaft  con- 
tained a  pulley  to  receive  the  motive  power.     Both  pins  in  the 

interval  used  in  the  various  studies  at  the  Chicago  laboratory.  The  Eanseh- 
burg  memory  apparatus  has  been  criticized  by  Schulze  (26,  235-238)  for  the 
disturbing  intermittent  noise  it  makes  while  in  motion.  Neither  Eanschburg's 
apparatus  nor  Wirth's  modification  (26)  of  it  would  seem  to  be  suitable  for 
our  purposes  M-here  we  want  a  speciiied  interval  of  very  short  duration  be- 
tween each  repetition  of  our  list  of  12  syllables.  Schulze  has  also  pointed 
out  that  the  clock  work  kymograph  as  used  by  Miiller  and  Schumann  and 
by  Meumann  has  the  disadvantage  that  the  exposed  objects  are  continually 
in  motion  and  when  being  used  at  high  speeds  cases  of  dizziness  have  been 
noticed.  Any  apparatus  of  the  spring  driven  type  may  be  open  to  two  criti- 
cisms: (1)  the  speed  may  change  as  the  tension  on  the  spring  becomes  less, 
especially  when  the  apparatus  is  very  nearly  run  down;  (2)  individual  experi- 
ments may  be  spoiled  by  the  E  failing  to  wind  the  apparatus. 

17  The  writer  is  indebted  to  Mr.  H.  J.  P.  Schubert,  then  laboratory  assis- 
tant in  the  Department  of  Psychology  at  Columbia  University,  for  suggesting 
the  idea  of  substituting  a  motor  driven  apparatus  for  the  Lippmann  apparatus 
or  some  similar  arrangement. 

18  The  Lippmann  apparatus,  manufactured  by  Max  Marx,  Meehanisehe 
Werkstatten,  Berlin,  is  a  spring  driven  apparatus  which  gives  intermittent 
movement  to  the  drum  containing  the  lists.  It  is  open  to  the  same  criticisms 
as  any  spring  driven  apparatus.     (See  above.) 
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shoulder  or  collar  were  held  out  by  springs  and  had  little  levers 
attached  so  that  either  pin  could  be  taken  out  of  service  by  pushing 
the  lever  back  and  into  a  notch.  Thus  by  taking  one  pin  out  of 
service  the  speed  of  the  drum  could  be  cut  in  half  while  the  motive 
power  remained  constant.  These  are  the  essentials  of  the  inter- 
mittent movement  of  the  Lippmann  apparatus;  however,  in  it  the 
motive  power  is  a  spring. 

In  our  apparatus  the  motive  power  was  obtained  by  using  a 
General  Electric  Company  experimental  motor,  a  contact  regulated, 
D.C.,  shunt  wound  motor,  model  No.  36062,  Frame  325,  H.P.  not 
given  (approximately  1/20  H.P.)  which  after  careful  testing  was 
deemed  accurate  enough  for  our  purposes.^*  It  might  be  men- 
tioned that  quite  a  little  difficulty  was  encountered  in  getting  a 
motor  which  would  maintain  a  "constant"  speed  on  direct  current, 
when  started  from  cold  and  run  for  half  an  hour  operating  this 
apparatus.  Finally  this  contact  regulated  motor  was  obtained.^° 
A  belt  from  the  motor  operated  a  20-1  reducing  gear,^^  which  in 
turn  operated  by  a  belt,  the  pulley  on  the  revolving  shaft  of  the 
exposure  apparatus  proper.  By  a  proper  use  of  pulleys  and  an 
adjustment  of  the  contact  regulator  of  the  motor,  the  desired  speed 
of  the  exposure  drum  was  obtained.  The  motor  was  mounted  on  a 
felt  pad  and  then  screwed  to  the  board  on  which  the  apparatus  was 


19  The  speed  of  the  memory  drum,  as  operated  by  this  motor,  was  timed  by 
an  electrically  controlled  1/100  second  stopwatch,  timing  every  other  revolu- 
tion. On  six  different  occasions  the  timing  was  taken  as  above  for  periods  of 
one  half  hour  from  cold.  The  speed  of  the  drum  at  19.5  seconds/revolution 
showed  a  variable  error  which  had  a  range  never  over  1/10  second/revolution. 
During  this  time  there  wes  a  slight  increase  of  speed  which  ranged,  on  the 
six  tests,  from  .2  of  1%  to  .39  of  1%.  Such  a  small  variable  error  and  con- 
stant error  should  not  affect  the  results  of  this  investigation. 

20  No  A.C.  current  was  available  at  the  apartment  or  the  difficulty  might 
liave  been  solved  more  readily.  Fractional  horse  power  series  wound  D.C. 
motors  cannot  be  depended  upon  for  any  constancy  of  speed  when  starting 
from  cold  and  running  for  half  an  hour.  Even  a  good  quality  shunt  wound 
motor  of  the  1/20  H.P.  type  gave  an  increase  of  speed  of  the  drum  of  .7  of  1% 
to  1.5%.  The  writer  is  indebted  to  the  General  Electric  Company,  and  espe- 
cially to  Mr.  F.  A.  Fredickson  and  Mr.  F.  H.  Kuhn  of  the  New  York  Fractional 
H.P.  Sales  Department  of  this  company  for  extending  to  him  the  use  of  the 
above  mentioned  regulated  motor.  The  general  principle  of  the  contact  regu- 
lated motor  is  that  of  a  centrifugal  governor  which,  as  the  motor  speeds  up, 
makes  an  electrical  contact,  throwing  more  resistance  into  the  motor  and  slow- 
ing it  down  slightly.  As  the  speed  decreases  the  contact  is  broken  and  the 
motor  speeds  up  again.  By  proper  selection  of  governor  and  external  resistance 
a  rather  constant  speed  can  be  obtained  within  the  limits  of  a  small  variation, 
even  though  the  voltage  may  vary  somewhat. 

21  It  was  found  best  to  use  very  thin  grease  in  the  reducing  gear ;  other- 
wise a  change  in  the  viscosity  of  the  grease  seemed  to  allow  a  change  of  the 
load  on  the  motor  and  bring  about  a  speeding  up  effect.  Grease  such  as  is 
used  in  free  wheeling  mechanisms  of  autos  was  found  to  be  best  to  avoid  this. 
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mounted,  the  screws  being  kept  from  direct  contact  with  the  motor 
baiic  by  thick  felt  washers,  topped  by  metal  washers.  All  this 
precaution  was  necessary  because  there  was  found  to  be  consider- 
able vibration  from  the  motor,  probably  due  to  the  centrifugal 
contact  regulator  mechanism. 

In  front  of  the  memory  drum  and  between  it  and  the  S  was 
erected  a  vertical  screen  of  neutral  gray  cardboard  30  inches  high 
and  18  inches  wide.  An  aperture  was  cut  in  this  screen  at  the 
place  where  the  syllables  were  to  be  observed,  the  size  of  the 
aperture  being  such  that  only  one  syllable  was  visible  at  a  time. 
The  S  sat  at  a  distance  from  which  he  could  read  the  syllables 
comfortably,  the  height  of  the  aperture  being  somewhat  below  a 
horizontal  line  from  the  eyes  of  the  S,  so  that  his  head  was  held  in 
about  the  usual  angle  in  which  reading  is  done.  A  small  tubular 
electric  lamp,  such  as  is  sometimes  used  over  sewing  machines  or 
radio  dials,  illuminated  the  aperture  from  the  <S"s  side  of  the  screen. 
In  addition  to  the  vertical  screen  in  front  of  the  S,  two  sides  or 
Avings  of  the  same  material  were  attached  to  it,  each  wing  being  20 
inches  wide  and  30  inches  high,  and  making  inside  angles  of  110 
degrees  with  the  front  screen.  The  ledge  which  supported  the 
above  lamp  was  also  covered  with  gray  cardboard.  This  three 
sided  screen  shut  off  all  vision  of  the  apparatus  and  the  E.  Black 
opaque  screens  were  used  at  the  window  of  the  room,  making  it 
practically  a  dark  room.  An  ordinary  desk  lamp  w^as  used  on  the 
E^s  side  of  the  table.  The  illumination  on  the  S's  side  of  the 
screen  was  practically  all  due  to  the  tubular  lamp  mentioned  above. 
As  long  as  this  lamp  was  on,  the  S  could  scarcely  tell  whether  E's 
lamp  was  burning  or  not.  "Within  the  limits  of  variation  in  the 
commercial  current  and  in  the  luminositj'  of  the  lamp  filaments 
the  illumination  was  a  constant  throughout  the  experiment.  The 
three  sided  screen  effectuall}^  concentrated  the  source  of  the  S's 
visual  stimulation  at  the  aperture  w^here  the  typed  syllables  ap- 
peared upon  the  white  paper. 

Electric  connections.  A  fiber  disk  attached  to  the  side  of  the 
cog-wheel  of  the  memorj^  drum  contained  a  copper  pin  that  made 
contact  with  a  spring  copper  contact  once  every  revolution  of  the 
drum,  thus  operating  a  No.  22407  Stoelting  electric  counter.  The 
fiber  disc,  being  movable,  was  so  adjusted  that  the  contact  was 
made  just  as  the  last  syllable  of  the  list  started  to  leave  the  aper- 
ture.— The  drum  was  marked  so  that  the  lists  w^ere  easily  placed  at 
the  same  position  on  the  drum  each  time,  the  lists  being  held  in 
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place  by  rubber  bands  not  visible  throiisb  the  aperture. — On  a 
ledge  by  the  S^s  left  knee,  and  easily  accessible  by  a  very  slight 
movement  of  the  arm  and  hand  was  a  contact  key  which  closed 
two  circuits  simultaneously.  One  circuit  lighted  a  two  volt  lamp 
close  to  the  E  and  the  other  circuit  started  an  electrically  operated 
1/5  second  stop-watch.  E  always  gave  the  S  a  verbal  "ready" 
signal  and  then  in  a  second  or  two  turned  the  motor  switch,  which 
made  a  loud  click  and  served  as  a  "get  set"  signal.  The  S  always 
pressed  his  key  as  soon  as  the  asterisks  started  to  move  and  pressed 
it  again  as  soon  as  the  asterisks  appeared  at  the  end  of  the  repeti- 
tion on  which  he  had  made  the  correct  anticipation.  (Meaning  of 
asterisks,  see  p.  16).  Thus  a  fairly  accurate  measure  of  the 
elapsed  learning  time  Avas  obtained  for  each  list;  and  served  as 
a  check  on  the  reading  of  the  counter  and  vice-versa,  as  well  as  a 
fairly  accurate  check  on  the  consistency  of  the  speed  of  the  drum. 
Another  contact  key  in  the  watch  circuit  on  the  E's  side  of  the 
screen  made  it  possible  for  him  to  set  the  clock  back  to  zero.  The 
watch  control  w^as  also  wired  so  that  by  means  of  switches  it  could 
be  connected  to  the  copper  contact  of  the  memory  drum,  as  it 
might  be  desirable  to  check  the  apparatus  between  experimental 
periods.  The  two  volt  lamp  mentioned  above  served  the  purpose 
of  an  insistent  stimulus  to  signal  the  E  to  stop  the  motor  at  the 
conclusion  of  the  learning  and  to  start  the  manually  operated  1/5 
second  stop-watch  used  in  timing  the  interval  between  lists.  This 
light  signal  for  the  E  was  necessary  because  of  the  noise  of  the 
motor  which  made  it  easy  to  confuse  the  sound  of  the  counter  and 
the  clock  and  because  of  the  desire  to  have  the  timing  of  the 
interval  start  at  once.  The  lighting  of  the  lamp  at  the  beginning 
of  the  learning  served  very  little  purpose  except  to  show  that  the  S 
was  all  set  and  going  on  with  the  experiment. 

The  sound  screen.  It  was  a  stroke  of  fortune  that  in  our  search 
for  a  constant  speed  motor  we  came  upon  the  one  which  we  finally 
used.  The  noise  which  it  made  proved  to  be  very  desirable  as  a 
sound  screen  which  excluded  all  noises  but  very  unusual  ones.~^  A 
similar  device  has  been  urged  by  various  writers  and  employed  in 
various  studies  in  other  fields.^^    Since  this  noise  of  the  motor  and 


22  Practice  experiments  had  sho^vn  tliat  the  Ss  were  very  susceptible  to 
distraction  from  any  unusual  noise.  The  writer  heartily  recommends  the  use 
of  such  a  device  in  memory  experiments  with  practiced  Ss,  especially  when  con- 
ducted in  city  buildings  near  busy  streets,  where  it  is  almost  impossible  to 
construct  a  sound  proof  room. 

23  Kellogg 's  (15)  use  of  it  in  connection  with  his  study  of  discrimination 
of  sound  intensities  is  one  example. 
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the  click  of  the  counter  at  the  end  of  every  revolution  of  the  drum 
are  constants  in  the  experiment  they  do  not  affect  the  comparison 
of  sleep  and  waking.-* 

Method  of  learning — Instructions  to  S.  The  anticipation  form 
of  the  learning  method  was  used.  The  S  read  the  first  presentation 
audibly ;  and  then  attempted  audible  anticipation  on  each  successive 
presentation  of  the  list  until  the  criterion  of  learning  was  attained. 
The  thirteenth  space  on  the  list  was  taken  up  by  three  asterisks 
instead  of  the  usual  letters.  The  revolution  of  the  drum  was  al- 
ways started  at  this  point.  (See  page  15.)  On  the  second  presen- 
tation, and  successive  presentations,  the  appearance  of  the  asterisks 
served  as  the  cue  for  the  anticipation  of  the  first  syllable,  the  first 
sj'llable  serving  as  the  cue  for  the  second,  etc.^^  When  anticipation 
of  a  syllable  failed  the  syllable  was  read  audibly  as  it  appeared ; 
and  if  the  next  syllable  were  known,  its  anticipation  was  crowded 
in  before  it  appeared  or  partially  before  it  appeared.  In  this  way 
all  the  active  recalling  that  was  possible  was  employed  in  the  learn- 
ing. The  S  was  instructed  to  do  the  learning  without  the  use  of 
any  mnemonic  devices,  not  to  make  an  effort  to  look  for  meanings, 
and  to  refrain  from  verbal  reviews  if  the  opportunity  should  otfer.^*' 

The  criterion  of  learning  employed  was  one  correct  anticipation 

24  The  question  may  arise  as  to  whether  they  affect  the  results  so  far  as 
the  obtaining  of  the  absolute  amount  of  retention  is  concerned.  The  work  of 
Cassell  and  Dallenbach  (4)  would  suggest  that  a  continuous  distraction  such 
as  the  noise  of  our  motor  if  it  is  distracting  at  all,  is  less  distracting  than 
other  types  of  auditory  stimulation.  They  suggest  the  further  hypothesis  that 
the  effect  of  a  distraction,  in  addition  to  being  dependent  upon  the  temporal 
relations  of  the  distractor,  is  also  dependent  upon  the  conscious  attitude  of 
the  S  during  the  distraction,  a  passive  attitude  being  conducive  to  less  or  no 
distraction,  while  the  active  attitude  produces  distraction.  During  the  prac- 
tice series  the  Ss  became  thoroughly  habituated  to  the  motor  and  counter, 
finally  reporting  that  these  factors  were  not  disturbing  in  the  least.  This 
would  seem  to  indicate  a  passive  attitude  on  the  part  of  the  Ss;  and  if  the 
above  hypothesis  is  correct  these  noises  caused  very  little  or  no  variation  from 
the  performance  which  the  Ss,  would  have  carried  on  in  a  sound  proof  room 
and  with  a  "noiseless"  apparatus.  The  writer  is  well  aware  of  the  ability  of 
the  individual  to  keep  up  his  efficiency  of  performance  as  measured  by  output, 
and  even  increase  it,  though  intense  distracting  stimuli  are  applied  (20). 
What  this  costs  from  the  physiological  standpoint  is  still  a  matter  of  research. 
So  the  question  of  the  noise  constants  in  our  experiment  will  probably  not  be 
settled  until  some  study  of  metabolic  cost  is  made  comparing  the  procedure  we 
employed  Avith  one  free  from  such  sounds. 

25  Thus  12  syllables  were  actually  learned.  Some  investigators  in  memory 
experiments  appear  to  have  used  12  syllables  but  have  allowed  the  first  syllable 
to  act  as  a  cue  for  the  second,  and  thus  have  really  learned  only  11  syllables. 
In  comparing  studies  this  difference  in  technique  needs  to  be  considered. 

26  The  rate  of  presentation  prevented  verbal  revicAvs  during  learning  in 
the  early  part  of  the  experiment.  As  the  <Ss  became  more  adept  it  might  have 
been  possible  for  the  reviews  to  occur,  but  the  <Ss  refrained  from  attempting  it. 
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of  tlie  12  syllables.^^  In  recording  the  number  of  repetitions  to 
attain  the  criterion,  the  customary  procedure  of  counting  the  num- 
ber of  repetitions  up  to,  but  not  including  the  correct  anticipation 
was  employed. 

The  determination  of  the  attainment  of  the  criterion  of  learning 
was  left  solely  to  the  S.  When  the  *S^  had  made  a  correct  anticipa- 
tion of  the  list  he  pressed  his  key  as  the  asterisks  appeared  again. 

Accent.  As  a  result  of  the  practice  experiments  no  accent  was 
employed  in  the  main  experiment  itself.  In  the  practice  periods 
the  iS^s  found  no  tendency  to  accent  entering.  Subject  V  tried 
various  accents  and  found  them  distracting.  This  seems  rather 
unusual  that  accent  did  not  force  itself  into  the  learning,  especially 
when  other  investigators  have  reported  it  repeatedly  and  have  had 
to  control  it.  It  may  be  that  the  intermittent  movement  of  the 
drum  tended  to  give  all  the  syllables  the  same  emphasis  and  thus 
made  it  possible  for  the  >S^s  to  learn  without  accent.  Whether  the 
particular  rate  of  presentation  has  anything  to  do  with  the  tendency 
to  accent  is  a  question. 

Rate  of  presentation.  The  rate  of  presentation  was  1^  seconds 
per  syllable.  In  practice  experiments  this  was  determined  as  the 
optimum  rate  for  these  8s.  Several  factors  are  to  be  considered  in 
selecting  the  rate  of  presentation  in  the  learning  of  nonsense 
syllables.  (1)  The  time  should  be  long  enough  to  allow  full  appre- 
hension, and  in  our  case,  audible  reading  of  the  syllable.  (2)  It 
should  be  short  enough  that  meaning  does  not  readily  arise. — 
Several  studies  have  used  intervals  of  2  seconds  which  would  seem 
to  be  too  long  for  ^Ss  of  college  caliber.  (Note  criticism  of  Glaze, 
Note  8,  p.  8.) — (3)  It  should  be  short  enough  that  attention  cannot 
shift  to  any  great  extent  and  efficiency  still  be  maintained,  thus 


27  See  E.  B.  van  Ormer  and  K.  M.  Dallenbach,  A  Frequent  Error  Concern- 
ing Ebbinghaus'  Experiments  on  Obliviscence,  American  Journal  of  Psychol- 
ogy, 43,  1931,  706-707.  In  spite  of  statements  to  the  contrary,  it  is  a  matter 
of  fact  that  Ebbinghaus  used  two  correct  anticipations  in  succession  as  his 
criterion  in  his  main  experiments  on  retention  as  a  function  of  time,  just  as 
did  Eadosavljevich.  This  makes  fallacious  any  attempt  to  explain  the  dis- 
parity between  these  two  investigations  as  due  to  difference  in  criterion  of 
learning. 

Since  the  criterion  of  one  correct  anticipation  has  become  the  more  cus- 
tomary procedure  in  nonsense  syllable  memorizing  and  since  it  was  felt  that 
it  might  be  more  of  an  incentive  to  the  S  than  a  requirement  of  two  in  suc- 
cession, the  former  criterion  was  adopted.  The  writer  is  of  the  opinion  that 
the  two  criteria  would  give  approximately  the  same  results  if  employed  with 
well  practiced  Ss.  Ebbinghaus  (7,  p.  109)  himself  reports  results  which  offer 
a  comparison  of  the  two  criteria  for  24  hours  and  practically  the  same  percents 
of  retention  are  obtained  for  both  in  his  ease. 
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forcing  the  S  to  concentrate  fully  upon  the  task  in  hand  in  order 
to  maintain  efficiency.  (4)  It  should  be  short  enough  to  prevent 
verbal  reviews  between  syllables.  The  time  intervals  of  2  seconds 
or  longer  for  college  students  are  to  be  criticized  again  on  this 
score.  Probably  some  of  the  confusion  over  the  question  of 
primacy  and  recency  as  factors  in  memorizing  serial  items  is  due 
to  failure  to  observe  this  point. 

The  interval  between  presentations  of  a  given  list  was  de- 
termined by  the  speed  of  presentation  employed.  There  were  13 
spaces  on  the  drum — the  13th  for  the  asterisks,  see  p.  16. — So 
the  interval  between  presentations  would  be  the  time  required  to 
present  one  extra  space,  or  in  this  case  1%  seconds. 

An  experimental  period  consisted  in  the  learning,  or  relearning 
as  the  case  might  be,  of  three  12-syllable  lists  with  a  45  second 
pause  between  the  learning  of  successive  lists.^*  This  pause  was 
timed  by  a  manually  operated  1/5  second  stop-watch  and  was  as 
short  a  time  as  the  manipulation  of  the  apparatus  made  feasible. 
During  the  pause  it  was  necessary  to :  record  the  readings  of  the 
counter  and  the  clock ;  to  reset  both ;  to  take  off  the  drum  contain- 
ing the  list  just  learned ;  and  to  put  on  the  drum  containing  the 
next  list.  A  little  care  was  required  in  adjusting  the  drum  so 
that  the  electrical  contacts  worked  properly.  The  8  was  instructed 
not  to  think  of  the  syllables  during  this  pause,  and  to  employ  his 
consciousness  with  as  few  thoughts  as  possible.  This  the  ^Ss  seemed 
rather  able  to  do,  relaxing  generally  and  often  resting  the  eyes  by 
closing  them.  Practically  no  trouble  was  experienced  with  the 
syllables  perseverating  during  the  pause.  It  is  desirable,  of  course, 
to  make  this  pause  as  short  as  possible  in  order  to  prevent  persevera- 
tion and  voluntary  reviews. 

The  value  of  learning  more  than  one  list  at  a  sitting  and  in  quick 
succession  is  twofold:  (1)  when  more  than  one  list  is  learned, 
perseveration  during  the  retention  periods  is  less  likely  to  occur, 
probably  due  to  some  sort  of  retroactive  inhibition,  proactive  in- 
hibition, and  general  confusion  or  interference  of  the  lists.  The  Ss 
in  this  study  had  practically  no  trouble  with  perseveration;  and 

28  It  had  at  first  been  thought  to  learn  5  lists  at  one  sitting ;  but  it 
became  apparent  that  the  learning  of  that  number  would  employ  possibly  25 
to  30  minutes,  which  would  result  in  very  little  time  being  left  for  a  1-hr. 
period  of  sleep,  or  else  necessitate  the  relearning  of  the  first  list  at  about  an 
hour  and  25  minutes  after  learning,  rather  than  an  hour  and  10  or  12  minutes, 
depending  upon  the  method  of  computing  the  retention  interval.  It  is  doubtful 
whether  the  patience  and  perseverance  of  the  Ss  could  have  been  prevailed  upon 
to  the  extent  of  relearning  5  lists  at  the  night  periods  of  relearning. 
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even  found  during  the  practice  series  that  voluntary  review  was 
practically  impossible.  It  had  been  thought  that  a  measure  of  the 
number  of  syllables  correctly  anticipated  on  the  first  presentation 
of  relearning  might  be  obtained  and  compared  with  the  relearning 
score.  However,  in  the  practice  series  it  was  found  that  most  of 
the  time  8  could  not  anticipate  a  single  syllable  on  the  first  pre- 
sentation of  relearning.  However,  it  is  doubtful  if  perseveration 
can  be  eliminated  when  only  one  list  is  used.  This  is  a  severe 
criticism  of  all  studies  in  which  only  one  list  was  learned  at  a 
sitting.  (2)  The  learning  of  more  than  one  list  at  a  sitting  gives 
a  more  reliable  measure  of  the  8's  learning  performance  at  that 
time,  both  the  variation  due  to  inequality  of  lists  and  to  momen- 
tary variations  in  the  S's  organic  condition,  attention,  and  motiva- 
tion, being  somewhat  compensated  for,  if  the  assumption  is  correct 
that  they  occur  as  often  in  the  plus  as  in  the  minus  direction. 

Number  of  experimental  periods.  In  determining  this  question 
two  considerations  are  involved.  (1)  It  is  desirable  to  have  a 
sufficient  number  of  experimental  periods  to  give  a  statistically 
reliable  measure  of  retention  for  each  time  interval  for  each  S. 
(2)  In  this  study  it  is  desirable  to  not  have  so  many  periods  that 
the  patience  and  perseverance  of  the  8  is  disturbed  and  point  1 
partially  vitiated  thereby.  Since  Jenkins  and  Dallenbach  got  re- 
liable results  using  the  method  of  retained  members,  with  8  experi- 
ments per  retention  interval  and  learning  only  1  list  at  a  sitting,  it 
seemed  reasonable  to  suppose  that  in  our  case,  learning  3  lists  at  a 
sitting,  8  experimental  periods  for  each  time  interval  of  both  sleep 
and  waking  for  each  8  sJiould  give  fairly  satisfactory  results  and 
still  not  be  too  severe  a  strain  on  the  /8s.  Accordingly  this  was  the 
number  of  experimental  periods  employed  in  the  testing  of  reten- 
tion. Additional  experiments  were  conducted  to  test  diurnal  varia- 
tion in  learning  performance,  see  p.  21, 

Times  of  day  at  which  experiments  occurred.  Since  the  night 
(sleep)  learnings  had  to  come  to  a  conclusion  at  a  time  when  noise 
in  adjacent  apartments  had  subsided,  these  times  more  or  less  de- 
termined when  the  day  (waking)  learnings  could  begin  if  the  /Ss 
were  to  get  approximately  the  same  amount  of  sleep  each  night. 
Night  learning  occurred  between  the  times  of  11 :  00  P.  M.  and 
12 :  30  A.  M.  The  day  learnings  occurred  between  9 :  00  A.  M.  and 
10 :  15  A.  M.  That  is,  the  learnings  were  always  completed  by 
12 :  30  A.  M.  and  10 :  15  A.  M.  The  relearnings  occurred  at  the 
designated   time   intervals   following   the   learning,   the   times   of 
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relearning  for  the  sleep  periods  being  on  the  average  about  12:  30 
A.  M.,  1 :  30  A.  M.,  3  :  30  A.  M.,  and  7  :  30  A.  M. ;  and  for  the  waking 
periods:  10:  30  A.  M.,  11 :  30  A.  M.,  1 :  30  P.  M.,  and  5  :  30  P.  M. 

Computation  of  the  retention  intervals.  The  time  of  the  re- 
learning  was  computed  from  the  end  of  the  learning  of  the  third 
list,  this  seeming  to  be  about  as  satisfactory  a  procedure  as  any. 
For  the  timing  of  the  sleep  periods  an  ordinary  alarm  clock  was 
deemed  accurate  enough,  it  being  set,  at  the  end  of  the  learning, 
for  the  full  time  period.  Since  7  to  10  minutes  were  employed  in 
the  >S's  waking,  see  p.  21,  each  time  interval  for  the  sleep  periods 
was  to  that  extent  longer  than  the  corresponding  waking  periods. 
It  seemed  advisable  not  to  cut  7  to  10  minutes  off  the  hour  period  of 
sleep,  it  probably  often  taking  the  ;Sf  5  to  10  minutes  to  get  to  sleep 
anyAvay.  Since  there  would  naturally  be  some  variation  in  the 
time  required  for  waking  the  S,  it  seemed  best  to  set  the  clock  for 
full  hours  in  all  cases,  and  not  attempt  any  correction  of  the  time. 

Order  of  experimental  periods.  Experiments  were  conducted 
daily — with  exceptions  as  noted  later.  Usually  1  8  had  a  waking 
retention  period  and  that  night  a  sleep  retention  period.  The  next 
day  the  other  S  had  a  waking  retention  period  and  that  night  a 
sleep  retention  period.  This  alternation  was  continued  through- 
out the  experiment,  except  when  one  or  the  other  of  the  /S's  might 
learn  for  two  or  three  days  in  succession,  due  to  various  irregu- 
larities in  the  other's  physical  condition.  The  occurrence  of  the 
different  time  intervals  of  retention  was  arranged  according  to 
four  planned  haphazard  orders,  a  different  order  for  sleep  and 
waking  for  the  same  S  and  different  orders  for  the  two  5^s.  This 
prevented  the  8  from  figuring  out  the  relearning  time  before  being 
told  as  explained  below.  If  there  should  be  a  practice  effect  these 
orders  were  so  arranged  that  each  of  the  four  time  intervals  would 
profit  by  it  to  practically  the  same  degree. 

S's  knowledge  of  relearning  time.  At  the  conclusion  of  the 
learning  of  the  last  list  S  was  told  the  length  of  the  retention  in- 
terval.    This  was  true  for  both  sleep  and  waking  experiments.-^ 

Practice  effect.  In  order  to  eliminate  practice  from  the  main 
experiment  as  much  as  possible  the  jS's  learned  practice  lists  con- 

29  Jenkins  and  Dallenbach  and  Dahl  told  the  S  for  the  waking  experiments 
but  did  not  tell  him  for  the  sleeping  ones,  being  afraid  that  this  knowledge 
would  affect  his  ability  to  go  to  sleep,  especially  for  the  short  periods.  In  a 
few  practice  tests  of  relearning  at  night  our  <Ss  were  not  troubled  by  the 
knowledge  of  the  time  of  waking.  Accordingly  it  was  decided  to  tell  the  iS  in 
all  cases,  keeping  the  comparison  of  sleep  and  waking  as  free  from  other  fac- 
tors as  possible. 
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structed  in  the  same  way  as  the  lists  used  in  the  main  experiments. 
This  learning  was  kept  up  until  no  definite  improvement  was 
noticeable  in  the  total  number  of  repetitions  required  for  the  learn- 
ing of  three  lists  at  one  sitting.  This  practice  required  15  to  17 
experimental  periods  for  each  8  and  the  learning  of  around  50 
lists  apiece.  The  results  are  reported  on  page  26.  The  planned 
haphazard  order  of  the  time  intervals  in  the  main  experiment  also 
helped  to  equalize  what  practice  effect  occurred  in  the  main  experi- 
ment. 

Diurnal  variation.  In  order  to  take  care  of  this,  learning  ex- 
periments were  conducted  at  the  average  time  of  the  various  time 
intervals  of  learning  for  both  sleeping  and  waking.  Eight  of  these 
check  experiments,  each  consisting  of  the  learning  of  3  lists,  were 
conducted  for  each  8  for  each  time  interval  of  waking.  On  the 
day  that  one  8  had  a  1  hour  retention  experiment,  the  other  8  did 
a  2  hour  check  experiment ;  when  the  first  8  had  a  2  hour  retention 
experiment  the  other  did  a  4  hour  check  test ;  and  when  the  first  8 
had  a  4  hour  retention  experiment  the  other  8  did  an  8  hour  check 
test.  The  1  hour  checks,  of  course,  required  additional  mornings. 
The  day  checks  for  both  ^S's  were  run  off'  in  this  way  and  scattered 
at  random  throughout  the  course  of  the  experiment — as  the  above 
plan  permitted — so  that  the  different  times  received  about  the  same 
treatment  from  any  practice  effect  that  may  have  occurred.  In 
the  case  of  the  night  checks,  4  learning  experiments,  each  consisting 
of  the  learning  of  3  lists,  were  conducted  for  each  8,  at  each  time 
interval  of  sleep.  For  these  experiments  the  8  would  go  to  sleep 
and  then  be  awakened  at  1,  2,  4,  or  8  hours  to  learn  for  the  first 
time  a  set  of  lists.  These  checks  required  additional  nights.  It 
had  been  supposed  that  there  would  be  sufficient  interruption  of 
the  night  retention  experiments  to  permit  the  night  checks  to  be 
made  at  random  times  throughout  the  experiment.  Such  was  not 
the  case,  however,  and  in  anxiety  to  get  the  retention  experiments 
themselves  completed,  the  night  checks  were  not  scattered  through- 
out the  experiment  as  well  as  the  day  checks.  Half  of  the  8  hour 
night  checks  occurred  in  the  first  half  of  the  experiment  and  the  rest 
at  the  end  of  the  experiment ;  while  the  other  night  checks  occurred 
during  the  last  half  of  the  retention  experiments.  What  effect  this 
undesirable  procedure  may  have  will  be  discussed  under  the  results. 

The  awakening  of  the  8.  When  the  alarm  went  off  the  E  al- 
ways awakened  the  8  until  a  verbal  response  was  received.  The  8 
was  then  allowed  to  arise  voluntarily  and  dash  cold  water  on  his 
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face,  and  before  starting  the  experiment,  required  to  testify  to  be- 
ing fully  awake. — 7  to  10  minutes  usually  elapsed  from  the  time  of 
the  alarm  until  the  beginning  of  the  experiment. — AVith  this  pro- 
cedure no  results  were  obtained  such  as  Jenkins  and  Dallenbach 
reported  in  which  S  was  awakened,  recalled  the  syllables,  and  then 
remembered  nothing  about  it  the  next  day;  nor  were  we  troubled 
with  "sleep  drunkeness"  (Schlaftrunkenheit)  as  Dahl  reported, 
especially  for  the  1  and  2  hours.  In  our  case  the  fact  that  both  *Ss 
were  very  strongly  motivated  toward  the  experiment  may  have  had 
something  to  do  with  the  ease  of  getting  awake. 

Bodily  and  mental  health.  An  effort  was  made  to  keep  these 
factors  as  constant  as  possible ;  and  when  any  definite  disturbance 
occurred  the  experiments  were  suspended  temporarily.  "When  the 
S  felt  especially  the  need  of  additional  sleep,  he  was  allowed  to 
sleep  in  the  day  time  for  a  short  period. — Of  course  he  never  slept 
in  the  day  time  until  all  his  experiments  for  that  day  time  were 
over. — We  tried  to  abide  by  the  criterion  that  the  S  should  feel 
reasonably  well  and  rested  at  any  time  during  the  day  that  he  did 
any  learning.  As  mentioned  on  p.  19,  we  tried  to  see  that  the  S 
got  approximately  the  same  amount  of  sleep  each  night. 

Experimental  period  distui^bed.  If  for  any  reason  an  experi- 
mental period  became  definitely  disturbed  by  environmental  fac- 
tors or  by  mental  distractions  within  the  8  's  own  consciousness,  the 
results  of  that  period  were  thrown  out,  that  experiment  being  re- 
peated the  next  time,  or  soon  after,  an  attempt  being  made  to  de- 
ceive the  S  in  the  matter. — The  records  of  3  experiments  had  to  be 
excluded  in  the  case  of  G,  and  7  in  the  case  of  V. 

Nature  of  the  interpolated  waking  activity.  The  usual  activ- 
ities of  a  graduate  student  and  his  wife  living  in  New  York  City 
were  interpolated  during  the  waking  periods  as  time  and  the  con- 
ditions of  the  experiment  permitted.  It  is  not  conceivable  that  the 
difference  in  such  activities  should  make  any  difference  between 
the  results  of  the  two  8s. 

Place  of  the  experiment.  The  experiment  took  place  in  a  top 
floor  apartment  in  the  Columbia  University  district  of  Manhattan. 
A  special  room  was  set  aside  for  the  actual  experiment. 

Date  of  the  experiment.  The  practice  experiments  occurred  for 
the  most  part  during  the  month  of  November  1931,  a  few  occurring 
in  the  preceding  September  and  October.  The  main  experiments 
began  December  11,  1931,  wdth  a  three  weeks'  recess  at  Christmas, 
one  week  being  due  to  sickness,  and  continued  from  then  on,  as 
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the  conditions  of  the  Sa  warranted,  until  April  14,  1932.  The 
Christmas  recess  apparently  had  no  effect  upon  the  learning  per- 
formance, as  the  data  on  the  practice  effect  in  the  main  experiment 
show.     (See  page  26.) 

Improvement  on  previous  memory  studies.  (1)  The  use  of  a 
more  precise  and  exacting  memory  method  than  has  been  used  in 
the  previous  studies  of  Jenkins  and  Dallenbach,  and  of  Dahl  is  of 
significance.  The  method  of  savings  usually  gives  a  finer  scale  by 
which  the  percentages  of  retention  can  be  measured  than  do  the 
other  memory  methods.  It  will  also  frequently  indicate  some  re- 
tention when  methods  of  free  recall  fail  to  do  so.  By  our  method 
it  is  also  possible  to  check  diurnal  variation  in  learning  per- 
formance and  get  a  measure  of  the  absolute  progress  of  forgetting 
for  the  time  intervals  studied,  making  it  possible  to  compare  our 
results  with  those  of  Ebbinghaus  (7),  Radosavljevich  (24),  Finken- 
binder  (8),  Luh  (16),  and  Boreas  (2).  (2)  Our  procedure  of 
learning  3  lists  at  one  sitting  has  the  advantages  as  mentioned 
earlier  (see  p.  18),  as  well  as  the  additional  advantage  of  mak- 
ing possible  the  fractionation  of  the  data,  all  this  being  an  improve- 
ment on  previous  studies  of  sleep  and  retention.  (3)  The  <Sfs  of 
this  investigation  would  seem  to  be  more  thoroughly  practiced  be- 
fore beginning  the  experiment  than  any  previous  8^  used  in  reten- 
tion experiments  with  the  possible  exception  of  Ebbinghaus.^" 
(4)  The  lists  of  syllables  constructed  by  us  would  seem  to  be  more 
easy  to  pronounce  and  more  nearly  equivalent  in  difficulty  than 
any  other  set  of  lists  previously  constructed  for  such  protracted 
experimentation.  Moreover,  they  seem  equally  well  adapted  to 
either  visual  or  auditory  presentation — something  which  cannot  be 
said  of  Glaze's  (11)  association  tables — ,  and  more  free  from  mean- 
ingful w'ords  (see  p.  8).  (5)  To  the  writer's  knowledge  no  pre- 
vious investigator  of  retention  has  reported  a  calibration  of  his 
presentation  apparatus.  (6)  The  use  of  the  sound  screen  as  a 
valuable  precaution  in  nonsense  syllable  learning  experiments  ap- 
parently is  here  recommended  and  employed  for  the  first  time. 
(7)  In  general,  this  experiment  would  seem  to  have  a  better  con- 
trol of  all  conditions  than  any  previous  retention  experiment,  with 
the  possible  exception  of  Ebbinghaus.  The  ^s  subordinated  all 
their  other  activity  to  that  of  the  investigation. 


30  Ebbinghaus  (7,  page  45),  gives  no  report  of  his  practice  experiments, 
although  he  says  that  long  preliminary  experiments  preceded  the  definite  tests 
of  retention,  so  that  the  time  of  increasing  skill  may  be  considered  as  past. 
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RESULTS 
Learning  1st,  2nd,  and  3rd  lists.  Before  the  diurnal  variation 
in  learning  performance  can  be  studied  it  is  necessary  to  ascertain 
if  there  is  a  difference  in  the  number  of  repetitions  required  for 
learning  tlie  1st,  2nd,  and  3rd  lists  of  an  experimental  sitting.  If 
there  is  no  difference  each  list  can  be  treated  as  an  independent 
measure  in  determining  the  diurnal  variation ;  if  there  is  a  differ- 
ence each  experimental  sitting  must  be  treated  in  toto  as  one  mea- 
sure, using  in  the  calculations  the  total  number  of  repetitions  re- 
quired for  the  learning  of  the  3  lists.     Table  I  gives  the  average 

TABLE  I 

Average  Number  of  Repetitions  for  Original  Learning  of  1st,  2nd,  and  3rd 

Lists  at  the  Various  Learning  Periods 


Time 


9:  30 

10:  30 

11:  30 

1:  30 

5:  30 

11:  30 

12:  30 

1:  30 

3:  30 

7:  30 


A.M. 
A.M. 
A.M. 
P.M. 
P.M. 
P.M. 
A.M. 
A.M. 
A.M. 
A.M. 


Subject  G 


No. 
Cases 


32 
8 
8 
8 
8 

32 
4 
4 
4 
4 


1st  List 
Aver.  MV 


9.3 

10.5 

9.8 

9.9 

11.4 

10.5 

9.0 

7.8 

10.0 

7.8 


2.6 
3.6 
1.8 
1.4 
2.0 
2.4 
1.5 
1.3 
3.0 
2.8 


£jid  List 
Aver.    MV 


10.2 
9.8 
9.9 
9.5 
8.5 

10.9 

10.5 
9.8 

10.8 
9.3 


2.1 
2.5 
2.4 
2.8 
2.3 
1.9 
1.3 
1.8 
1.9 
1.8 


3rd  List 
Aver.    MV 


9.9 

9.9 
11.0 
11.3 
10.4 
11.6 

9.3 
11.3 

8.3 
11.0 


2.0 
2.4 
1.0 
2.5 
2.7 
2.0 
2.3 
1.3 
0.8 
2.5 


Reliability 
of  greatest 

Dif. 
(D/PE^ut.) 


1.80 
0.53 
1.94 
1.59 
3.19 
2.34 
1.79 
4.49 
2.91 
2.01 


Subject  V 


9:  30  A.M.  .. 

32 

11.2 

2.8 

11.6 

2.1 

10.8 

2.7 

1.57 

10:  30  A.M.  ... 

8 

14.9 

5.2 

12.4 

1.6 

11.4 

1.9 

2.12 

11:  30  A.M.  ... 

8 

13.4 

3.1 

12.5 

4.3 

11.4 

2.0 

1.80 

1:  30  P.M.  ... 

8 

13.5 

3.6 

13.1 

2.4 

11.3 

2.3 

1.72 

5:  30  P.M.  ... 

8 

11.5 

2.9 

11.8 

2.5 

11.8 

2.0 

0.26 

11:  30  P.M.  ... 

32 

13.3 

2.9 

14.1 

3.2 

12.8 

2.2 

2.24 

12:  30  A.M.  ... 

4 

14.8 

5.2 

13.8 

1.9 

12.8 

3.8 

0.73 

1:  30  A.M.  ... 

4 

16.3 

3.9 

10.3 

1.3 

13.5 

2.0 

3.45 

3:  30  A.M.  ... 

4 

13.0 

5.5 

12.8 

2.2 

10.5 

0.8 

1.07 

7:30  A.M.  ... 

4 

10.8 

1.8 

10.5 

0.5 

12.8 

1.8 

2.91 

number  of  repetitions  required  for  learning  the  1st,  2nd,  and  3rd 
lists  and  the  reliability  of  the  greatest  difference  among  these  three 
values^^  for  each  8  for  each  learning  period.  For  V  only  one 
difference  approaches  4  times  its  probable  error,  viz.  the  difference 
between  the  1st  and  2nd  lists  at  1 :  30  A.  M.,  the  D/PE  being  3.45. 

aver,  has  been 


i 


31  Using  the  formula  PE„ver.  equals 
calculated  and  from  it  the  D/PEjifj. 


.8453  MV/VN,  the  PE,, 
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In  view  of  the  fact  that  this  value  is  based  on  the  learning  of  only 
4  lists,  which  are  so  few  in  number  that  it  is  doubtful  whether 
the  reliability  formula  is  applicable,^^  and  in  view  of  the  fact  that 
the  differences  at  all  of  the  other  periods  are  not  reliable,  it  is 
thought  that  this  single  case  is  without  significance.  In  the  case 
of  G  the  only  differences  that  are  greater  than  3  times  their  PE 
are  those  at  the  5 :  30  P.  M.  and  1 :  30  A.  M.  learning  periods. 
Since  the  determinations  for  these  two  periods  are  based  on  4  and 
8  cases  respectively,  the  differences  again  do  not  appear  significant, 
particularly  as  the  experiments  at  9 :  30  A.  M.  and  11 :  30  P.  M., 
which  afforded  opportunity  for  reliable  differences  to  show  them- 
selves, do  not  give  reliable  differences  for  either  8.  In  view  of  these 
results  we  feel  justified  in  concluding  that  a  difference  in  the 
number  of  repetitions  required  for  the  learning  of  the  1st,  2nd, 
and  3rd  lists  of  a  sitting  has  not  been  demonstrated  for  our  two  /S^s. 
Accordingly,  in  the  calculation  of  diurnal  variation  in  learning 
performance  each  list  will  be  treated  as  a  separate  and  independent 
measure. 

Practice  effect.  It  had  been  hoped  that  the  preliminary  series 
of  practice  experiments^^ — 15  sittings  or  45  lists  for  G  and  17 
sitting  or  51  lists  for  V — would  eliminate  practice,  but  as  Fig.  1 
shows  the  practice  effect  persisted  in  the  main  experiment  for  a 
considerable  time.  Every  point  of  the  broken  curves  represents  the 
total  number  of  repetitions  required  to  learn  3  lists  at  one  sitting. 
The  solid  curves  are  based  on  the  average  number  of  repetitions  for 
3  experimental  sittings,  or  the  average  number  of  repetitions  to 
learn  3  sets  of  3  lists.  The  first  of  the  vertical  lines  (line  A)  cut- 
ting the  curves  represents  1  month's  intermission  in  the  practice 
series;  the  second  line  (line  B)  represents  two  week's  intermission 
between  the  conclusion  of  the  practice  series  and  the  beginning  of 
the  main  experiment;  the  third  line  (line  C)  represents  a  3  week's 
intermission  in  the  main  experiment,  two  weeks  consisting  of  the 
Christmas  holidays  and  the  third  of  sickness.  Aside  from  the  evi- 
dence that  practice  entered  the  main  experiment,  these  curves  are 
of  value  in  showing  the  great  amount  of  improvement  which  can 
take  place  from  continued  practice  in  a  particular  function.     Dur- 


32Eegarding  this  point  see  Garrett,  H.  E.,  Statistics  in  Psychology  and 
Education,  1926,  p.  142. 

33  Some  of  these  practice  experiments  took  place  in  the  morning  and  some 
at  11:  30  P.  M.  All  the  points  of  the  preliminary  practice  curves  of  both  Sa 
were  corrected  to  9:  30  A.  M.  as  a  base,  using  the  coefficients  or  weights  of 
diurnal  variation  mentioned  later. 
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EXPERIMENTS 
Fig.  1.    Practice  curves. 
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ing  the  practice  series  the  /S^s  were  definitely  trying  to  improve  and 
were  shown  their  results.  During  the  main  experiment  the  (Ss 
were  simply  trying  to  do  their  best,  with  no  motivation  to  improve 
and  no  direct  knowledge  of  their  own  results,  the  8s  of  course,  be- 
ing unable  to  keep  from  estimating  in  a  general  way  whether  they 
had  done  well  or  poorly.  Comparison  of  introspective  reports  and 
objective  data  indicates  that  the  ;Ss  were  frequently  in  error  in  their 
subjective  estimates  of  whether  a  given  list  had  taken  longer  than 
another  one  of  the  same  sitting.  Of  course  each  8,  while  acting  as  E 
noticed  (although  the  records  for  each  experiment  were  kept 
separate  and  not  looked  at  until  the  conclusion  of  the  whole  in- 
vestigation) that  the  other  8  was  gradually  improving.  Introspec- 
tive reports  show  that  Y  had  a  vague  suspicion  that  he  was  learn- 
ing the  lists  in  fewer  repetitions  as  the  experiment  progressed,  not 
being  conscious  of  any  particular  time  at  which  the  improvement 
started  taking  place.  G  reported  that  the  lists  seemed  gradually 
easier  to  learn,  although  she  was  not  of  the  opinion  that  she  was 
learning  them  in  fewer  repetitions.  In  fact,  because  she  found 
the  syllables  becoming  gradually  easier  to  pronounce  and  becoming 
easier  to  recognize  on  the  repeated  repetitions,  G  was  frequently 
deluded  into  the  belief  that  it  was  taking  her  longer  to  reach  the 
criterion  of  mastery.  That  is,  in  the  earlier  part  of  the  experiment 
it  took  G^  2  or  3  repetitions,  as  she  reports  introspectively,  to  get  the 
pronunciations  of  the  syllables,  then  possibly  2  or  3  more  until  she 
was  able  to  recognize  fully  the  syllables  as  belonging  in  the  position 
in  which  they  appeared.  Apparently  as  she  improved  in  per- 
formance these  first  two  processes  were  accomplished  in  fewer 
repetitions  and  the  time  from  them  to  mastery  was  still  the  same  or 
greater,  giving  the  illusion  of  the  learning  taking  longer. 

As  nearly  as  the  ^s  can  tell  introspectively  the  improvement 
which  occurred  in  the  practice  experiments  consisted  in  the  fol- 
lowing factors  at  least:  (1)  an  improvement  in  ability  to  pronounce 
the  syllables  quickly  and  accurately;  (2)  general  adjustment  to  the 
situation  of  the  experiment,  noise  of  motor,  fixation  of  aperture  as 
syllables  passed  by,  etc.;  (3)  elimination  of  an  excessive  emotional 
reaction  to  the  situation;  (4)  less  shifting  of  attention  from  the 
actual  learning  at  hand;  (5)  a  lessening  of  the  muscular  tension, 
or  the  maintaining  of  a  more  relaxed  bodily  position.^*     G  reported 


34  Both  Ss  noticed  and  reported  that  they  had  to  be  careful  not  to  relax 
too  much  or  attention  shifted  from  the  learning.  It  is  significant  that  G,  who 
did  not  know  of  the  recent  work  on  tension,  should  have  made  this  observation. 
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in  addition,  what  was  described  as  an  improvement  in  ability  to 
recognize  the  syllable  as  familiar  and  as  the  one  belonging  in  that 
position.  G  noticed  the  various  factors  of  improvement  continuing 
througliout  the  experiment  proper ;  V,  on  the  other  hand  cannot 
explain  any  improvement  which  occurred  in  his  case  during  the 
main  experiment.  As  indicated  above,  he  had  only  a  suspicion 
that  he  was  improving.  Possibly  the  greater  fluctuation  of  his 
performance  helped  to  conceal  from  him  more  definite  indication 
of  his  improvement. 

What  influence  does  this  practice  effect  have  upon  comparing  the 
various  experiments  for  sleep  and  waking  and  for  the  various  time 


TABLE  II 

AvEKAGE  Number  of  Eepetitions  Per  List  Required  for  Original  Learning 

AT  the  Various  Time  Intervals.     (Each  List  Treated 

AS  A  Separate  Measure.) 


Time 

Aver. 

Subject  G 
MV     No. 

Cases 

Aver. 

Subject  V 
MV     No 

.  Cases 

9:  30  A.  M 

9.8 

2.3 

96 

11.2 

2.5 

96 

10:  30  A.  M 

10.0 

2.8 

24 

12.9 

3.2 

24 

11:30  A.  M 

10.2 

1.8 

24 

12.4 

3.2 

24 

1:  30  P.  M 

10.2 

2.2 

24 

12.6 

2.8 

24 

5:  30  P.  M 

10.1 

2.7 

24 

11.7 

2.5 

24 

11:  30  P.  M 

11.0 

2.1 

96 

13.4 

2.7 

96 

7:  30  A.  M 

9.3 

2.6 

12 

1L3 

1.6 

12 

9:  30  A.  M 

8.5 

1-,  2-,  and  4-hour  si 

with  2nd  half  of  9 :  3 

1.9             48 

eep 
QA 

cheeks 
..  M.  ex 
10.6 

compared 
jeriments. 
2.5 

48 

(2nd  half) 
12:  30  A.  M 

9.6 

1.8 

12 

13.8 

3.6 

12 

1:  30  A.  M 

9.6 

1.9 

12 

13.3 

3.1 

12 

3 :  30  A.  M 

9.7 

2.2 

13 

12.1 

3.0 

12 

intervals?  Tables  V  and  VI  give  the  average  number  of  repeti- 
tions required  for  learning  the  lists  used  in  measuring  the  reten- 
tion for  the  various  time  intervals  of  the  experiment.  All  11 :  30 
P.  M.  learnings  have  been  corrected  to  be  comparable  to  the  9 :  30 
A.  M.  learnings,  using  the  diurnal  variation  as  discussed  in  a  fol- 
lowing section.  Considering  in  Tables  V  and  VI  the  averages  of 
the  total  number  of  repetitions  required  for  the  original  learning  of 
the  3  lists  combined,  it  is  clear  that  for  both  ;Ss  there  is  no  sig- 
nificant difference  betw^een  the  depth  of  impression  (repetitions 
required  for  original  learning)  of  corresponding  periods  of  sleep 
and  of  waking,  Avhich  difference  can  be  attributed  to  practice  effect. 
A  further  study  of  the  tables  and  calculation  of  reliabilities  shows 
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that  there  is,  moreover,  no  reliable  difference  between  the  number 
of  repetitions  required  for  learning  at  any  two  points  of  the  same 
curve  or  different  curves.  These  facts  would  seem  to  indicate  that 
the  planned  haphazard  order  of  conducting  the  experiments  dis- 


TABLE  III 
FOR  THE  Averages  of  Table  II. 


The  Upper 


Differences  and  D/PE^ijj,^ 

Eight  Hand  Triangular  Block  Gives  the  Data  for  G  ;  the  Lower 
Left  Hand  Triangular  Block  Gives  the  Data  for  V 


9:30 

10 :30 

11  :'30 

1:30 

5:30 

11 :30 

7:30 

A.M. 

A.M. 

A.M. 

P.M. 

P.M. 

P.M. 

A.M. 

A.M. 

9:30      D 

0.2 

0.4 

0.4 

0.3 

1.2 

0.5 

D/PE 

0.39 

1.08 

0.93 

0.59 

4.44 

0.76 

10:30      D 

1.7 

0.2 

0.2 

0.1 

1.0 

0.7 

D/PE 

2.88 

0.35 

0.33 

0.15 

1.96 

0.89 

11:30      D 

1.2 

0.5 

0.0 

0.1 

0.8 

0.9 

D/PE 

2.03 

0.64 

0.18 

2.22 

1.29 

P.M. 

1:30      D 

1.4 

0.3 

0.2 

0.1 

0.8 

0.9 

D/PE 

2.64 

0.41 

0.27 

0.17 

1.91 

1.22 

5 :  30      D 

0.5 

1.2 

0.7 

0.9 

0.9 

0.8 

D/PE 

1.04 

1.71 

1.00 

1.41 

1.80 

1.01 

11:30      D 

2.2 

0.5 

1.0 

0.8 

1.7 

1.7 

D/PE 

6.88 

0.83 

1.67 

1.51 

3.47 

2.58 

A.M. 

7 :  30      D 

0.1 

1.6 

1.1 

1.3 

0.4 

2.1 

D/PE 

0.22 

2.39 

1.64 

2.10 

0.69 

4.67 

1-,  2-,  and  4-hour  sleep  checks  compared  with  2nd  half  of  9 : 

30  A.  M. 

2nd  half 
9:30  A.M. 

12:30  A.M. 

1 :30  A.  M. 

3:30A.M. 

9:30  A.M.     D 

(2nd  half)    D/PE 

1.1 
2.20 

1.1 

2.16 

1.2 
2.03 

12:30  A.M.     D 

D/PE 

3.2 

3.44 

0.0 

0.1 
0.14 

1:30  A.M.     D 

D/PE 

2.7 
3.29 

0.5 
0.43 

0.1 
0.14 

3:30  A.M.     D 

D/PE 

1.5 
1.90 

1.7 
1.49 

1.2 
1.14 
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tributed  the   practice   effect  rather  well  throughout   the  various 
groups  of  the  experiments. 

These  practice  curves  are  also  of  value,  as  will  be  pointed  out 
later,  in  showing  the  definite  superiority  of  the  9 :  30  A,  M.  learn- 
ing over  the  11 :  30  P.  M.  learning. 

From  the  standpoint  of  differences  between  the  two  /Ss  the 
curves  are  salient  proof  of  the  greater  consistency  of  performance 
on  the  part  of  G.  Whether  the  much  more  pronounced  fluctuations 
in  T's  curves  are  due  to  anxiety  over  the  investigation  or  to  a 
distinct  difference  in  temperament  is  only  a  matter  of  conjecture. 
It  would  seem  plausible  that  an  investigator's  knowledge  of  the 
nature  of  the  experiment,  of  the  results  of  previous  investigators, 
and  his  anticipation  of  the  results  might  be  sufficiently  disturbing, 
as  Ebbinghaus  pointed  out  years  ago,  to  cause  more  than  usual 
fluctuation  in  his  performance. 

It  should  be  noted  that  these  practice  curves  are  not  a  complete 
picture  of  the  practice  which  the  /S's  received.  Interpolated  at 
various  places  between  the  experiments  indicated  on  these  curves 
occurred  the  experiments  conducted  for  checking  diurnal  variation 
of  learning  performance.  These  check  experiments  are  not  in- 
cluded in  the  curves  because  a  comparison  of  9  :  30  A.  M.  and  11 :  30 
P.  M.  learnings  was  desired.  Including  these  check  experiments 
and  experiments  which  had  to  be  thrown  out  because  of  disturbing 
factors,  each  8  participated  in  over  162  experimental  sittings,  in- 
volving the  learning  of  over  486  different  lists  of  12  syllables  each. 

Diurnal  Variation.  Since,  as  mentioned  before,  no  reliable  dif- 
ference was  found  between  the  number  of  repetitions  required  for 
learning  the  1st,  2nd,  and  3rd  lists  of  one  sitting,  each  list  was 
treated  as  a  separate  and  independent  measure  in  determining  the 
diurnal  variation  in  learning  performance.  Table  II  gives  the 
average  number  of  repetitions  per  list  required  for  learning  at  the 
various  time  intervals  for  each  ;S'.  Since  the  1-,  2-,  and  4-hr.  night 
checks  of  learning  performance  were  conducted  in  the  second  half 
of  the  investigation  (see  p.  21)  and  in  view  of  the  practice  effect 
which  occurred,  these  night  checks  are  compared  with  the  average 
of  the  second  half  of  the  9 :  30  A.  M.  learnings  rather  than  with 
the  average  of  all  of  the  9 :  30  A.  M.  learnings.  Examination  of 
Fig.  I  would  seem  to  make  this  a  justifiable  procedure.  Table  III 
compares  the  differences  between  the  average  number  of  repetitions 
per  list  required  for  learning  at  the  various  time  intervals.  For 
each  comparison  is  given  the  difference  between  the  two  averages 
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and  also  the  quotient  of  D/PEaiff..  The  upper  right  hand  tri- 
angular block  of  the  table  contains  these  comparisons  for  subject 
G  and  the  lower  left  hand  triangular  block  contains  those  for 
subject  V. 

In  determining  corrections  of  the  number  of  repetitions  re- 
quired for  relearning  at  the  various  time  intervals  and  for  learning 
at  11 :  30  P.  M.,  the  averages  for  all  times  were  compared  with  the 
average  for  9 :  30  A.  M.  as  a  base  and  if  necessary  corrected  to  be 
comparable  with  it.  For  both  Ss  there  is  a  statistically  reliable  dif- 
ference between  the  learning  performance  at  9 :  30  A.  M.  and  at 
11 :  30  P.  M.  For  G  the  performance  at  11 :  30  P.  M.  is  approxi- 
mately 11%  of  itself  lower  (it  taking  longer  to  learn)  than  that  at 
9 :  30  A.  M.  Accordingly  all  the  learnings  for  G  at  11 :  30  P.  M. 
have  been  reduced  by  11%  before  calculating  the  percentage  of  for- 
getting. For  G  the  day  checks  of  learning  performance  at  10 :  30 
A.  M.,  11 :  30  A.  M.,  1 :  30  P.  M.,  5 :  30  P.  M.,  and  the  night  check 
for  7 :  30  A.  M.  do  not  differ  significantly  from  9 :  30  A.  M.  and  ac- 
cordingly the  relearnings  at  those  times  are  left  uncorrected. 
When  the  night  checks  for  O  at  12  :  30  A.  M.,  1 :  30  A.  M.,  and  3  :  30 
A.  M.  are  compared  with  9 :  30  A.  M.  partially  reliable  differences 
are  found,  the  D/PEdiff.  being  slightly  over  2.0  in  all  three  cases. 
Since  these  differences  are  all  in  the  same  direction  and  of  about 
the  same  value,  it  seems  better  to  recognize  them  than  to  ignore 
them.  So  the  relearnings  for  these  times  have  been  reduced  by 
12%  of  themselves. 

In  the  case  of  V  the  reliable  difference  between  the  learning  per- 
formance at  9 :  30  A.  M.  and  11 :  30  P.  M.  necessitates  a  reduction 
of  the  learnings  at  the  latter  time  by  16%  of  themselves.  When  the 
day  check  experiments  at  10:30  A.  M.,  11:30  A.  M.,  and  1:30 
P.  M.  are  compared  with  9 :  30  A.  M.,  the  reliabilities  of  their  dif- 
ferences (D/PEdiff.)  are  2.88,  2.03,  and  2.64  respectively.  Since 
these  differences  are  all  in  the  same  direction  and  based  on  24  cases, 
they  too,  should  probably  be  accepted  rather  than  ignored.  Ac- 
cordingly the  relearnings  at  10 :  30  A.  M.  are  reduced  by  13%  of 
themselves,  those  at  11 :  30  A.  M.  by  10%,  and  those  at  1 :  30  P.  M. 
by  11%.  The  differences  between  these  three  times  of  relearning 
are  not  significant ;  but  it  seems  best  to  take  the  percentages  which 
the  results  give  and  not  to  correct  all  three  by,  say  11%.  The  5 :  30 
P.  M.  learnings  and  the  7 :  30  A.  M.  learnings  are  not  significantly 
different  from  9 :  30  A.  M.  The  comparison  of  the  night  checks  at 
12 :  30  A.  M.,  1 :  30  A.  M.,  and  3 :  30  A.  M.  with  the  second  half  of 
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the  9 :  30  A.  M.  learnings  gives  differences  whose  reliabilities 
(D/PEdiff.)  are  3.44,  3.29,  and  1.90  respectively.  Although  this  is 
not  complete  reliability,  the  differences  are  comparatively  large  and 
in  the  same  direction,  and  if  the  corrections  at  10:  30  A.  M.,  11 :  30 
A.  M.,  and  1 :  30  P.  M.  are  accepted,  the  corrections  for  these  night 
hours  must  also  be  included  in  the  calculations.  So  the  relearnings 
at  12 :  30  A.  M.  are  reduced  by  23%  of  themselves,  those  at  1 :  30 
A.  M.  by  20%,  and  those  at  3 :  30  A.  M.  by  12%.  Table  IV  makes 
possible  a  comparison  of  the  diurnal  variation  in  learning  perform- 
ance for  the  various  times  of  learning  and  relearning  for  each  8. 

TABLE  IV 
Percentages  by  which  the  Learning  Performance  at  the  Various  Times 
OP  Learning  are  of  Themselves  Below  the  Learning  Per- 
formance at  9:  30  A.  M.     (Calculations  Based  on 
Average  Number  of  Eepetitions  Kequired 
for  Original  Learning.) 


Times 

Percentages 
forG 

Percentages 
forV 

No.  Cases 
(for  each  S) 

9 :  30  A.  M 

10 :  30  A.  M 

11 :  30  A.  M 

1:30  P.  M 

5 :  30  P.  M 

11:  30  P.  M 

12 :  30  A.  M 

1:  30  A.  M 

3 :  30  A.  M 

7:30  A.  M 

00.0 
00.0 
00.0 
00.0 
00.0 
11.0 
12.0 
12.0 
12.0 
00.0 

00.0 
13.0 
10.0 
11.0 
00.0 
16.0 
23.0 
20.0 
12.0 
00.0 

96 
24 
24 
24 
24 
96 
12 
12 
12 
12 

The  percentages  in  the  table  indicate  how  much  the  learning  per- 
formance at  a  certain  time  is  of  itself  below  the  learning  perform- 
ance at  9 :  30  A,  M.  The  striking  things  about  this  table  are  the 
failure  of  any  variation  during  the  daytime  in  the  case  of  G  and 
the  failure  of  5 :  30  P.  M.  to  show  any  variation  from  9 :  30  A.  M. 
in  the  case  of  both  /Ss.  This  latter  result  fails  to  confirm  the  result 
of  Ebbinghaus,  who  found  his  performance  at  6-8  P.  M.  to  be  12% 
of  itself  below  that  at  10-11  A.  M. ;  and  is  against  the  argument  put 
forth  by  Radosavljevich  (24),  Bean  (1),  Finkenbinder  (8),  and 
Boreas  (2)  that  fatigue  would  cause  relearnings  at  5 :  30  P.  M.  to 
take  longer  and  consequently  cause  a  drop  in  retention  curves  at 
the  8-hr.  interval  if  those  relearnings  took  place  at  5 :  30  P.  M. 
without  corrections  for  diurnal  variation. 

Calculatwn  of  percentages  forgotten.     In  all  records  of  the 
number  of  repetitions  required  for  learning  or  relearning  the  usual 
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method  of  recording  one  less  than  the  number  of  repetitions  at 
which  the  first  correct  anticipation  of  the  list  occurred  has  been  fol- 
lowed. All  percentages  of  forgetting  are  the  ratios  of  the  number 
of  repetitions  required  for  relearning  to  the  number  required  for 
learning.  Tables  V  and  VI  give  the  average  percentages  of  forget- 
ting based  on  the  3  lists  combined,  the  calculation,  in  the  latter  case, 
being  the  total  number  of  repetitions  to  relearn  the  3  lists  divided 
by  the  total  number  of  repetitions  to  learn  the  3  ILsts ;  tables  V  and 
VI  also  contain  for  each  S  the  average  number  of  repetitions,  at  the 
various  time  intervals  of  sleep  and  of  waking,  required  for  learning 
the  1st,  2nd,  and  3rd  lists,  and  the  3  lists  combined.  The  11 :  30 
P.  M.  learnings  given  in  tables  V  and  VI  have  been  reduced  by  the 
proper  percentages  to  make  them  comparable  to  the  learning  at 
9 :  30  A.  M.  Before  any  percentages  of  forgetting  were  calculated 
certain  of  the  relearnings  were  also  corrected  as  indicated  in  the 
preceding  section. 

Retention  of  the  1st,  2nd,  and  3rd  lists.  In  considering  tables  V 
and  VI  one  is  at  once  struck  with  the  irregularities  of  the  per- 
centages for  the  separate  lists.  An  examination  of  the  MV  in 
these  tables  with  a  calculation  or  estimation  of  the  D/PEdiff.  will 
show  that  the  irregularities  or  deviations  of  the  individual  curves 
from  the  combined  curves  are  not,  with  one  exception,  statistically 
reliable,  and  are  probably  due  to  various  disturbing  factors  which 
exert  their  influence  in  view  of  the  small  number  of  measures  from 
which  the  individual  curves  are  obtained.  The  one  irregularity 
which  seems  more  reliable  is  the  junction  of  the  sleep  and  waking 
curves  for  O  in  the  3rd  list  at  the  8-hr.  interval.  Here  the  MV's 
are  approximately  the  same  size  and  in  comparison  with  the  rest  of 
the  data,  relatively  small.  The  junction  of  the  sleep  and  waking 
curves  for  V  in  the  2nd  list  at  the  8-hr.  interval  does  not  show  the 
same  consistency,  the  MV  for  sleep  being  twice  that  for  waking. 
For  both  Ss  the  8-hr.  period  in  the  1st  list  is  reliably  favored  by 
sleep.  For  V  the  4-hr.  period  in  the  2nd  list  is  definitely  in  favor 
of  sleep.  The  other  differences  which  appear  to  favor  sleep  are  of 
doubtful  reliability,  being  from  2  to  3  times  their  PE  's.  Of  course 
in  consideration  of  all  these  differences  one  must  not  lose  sight  of 
the  limitations  of  the  reliability  formula  when  N  is  only  8.  An  ex- 
amination of  the  average  number  of  repetitions  required  for  learn- 
ing the  various  lists  used  in  measuring  the  different  time  intervals, 
shows  that  these  irregularities  cannot  be  explained  as  due  to  differ- 
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ences  in  depth  of  impression   (number  of  repetitions  required  for 

learning). 

Comparison  of  the  retention  of  the  3  lists  combined.  In  view 
of  the  fact  that  the  data  available  do  not  make  it  possible  to  deter- 
mine just  what  effect  the  learning  of  the  3  lists  in  succession  has 
upon  the  subsequent  retention  of  each  of  those  lists  as  an  individual 
unit,  it  would  seem  best  in  combining  our  data  for  a  comparison  of 
sleep  and  waking,  not  to  consider  the  retention  of  each  separate  list 
as  a  single  and  independent  determination.  Accordingly  our  com- 
bined curves  are  computed  on  the  basis  of  each  experimental  sitting, 
the  percentage  of  forgetting  recorded  in  Tables  V  and  VI  for  the  3 
lists  combined  being,  as  mentioned  before,  the  quotient  obtained 
from  the  total  number  of  repetitions  to  relearn  the  3  lists  divided 
by  the  total  number  of  repetitions  to  learn  the  3  lists.  Thus  these 
averages  for  the  3  lists  combined  are  based  on  only  8  determina- 
tions ;  but  it  is  well  to  emphasize  that  these  are  8  much  more  reliable 
determinations  than  those  for  the  curves  of  the  1st,  2nd,  and  3rd 
lists  separately.  By  taking  the  total  number  of  repetitions  for  the 
3  lists  learned  at  one  sitting,  various  variables  due  to  the  inequality 
of  the  lists  and  to  fluctuation  in  the  S^s  performance  during  a  given 
sitting,  are  partially  compensated  for  even  though  the  reliability 
formula  as  such  is  not  changed.  This  fact  is  demonstrated  in  the 
generally  smaller  MV's  which  the  average  percentages  for  the  3 
lists  combined  have  as  compared  with  those  for  the  lists  separately. 

Fig.  2  gives  the  reader  a  picture  of  the  retention  curves  for  each 
S  based  on  the  percentages  for  the  3  lists  combined.  Upon  looking 
at  this  figure  one  is  at  once  struck  with  at  least  four  facts.  (1)  The 
decided  advantage  of  sleep  at  8  hrs.  (2)  The  failure  of  sleep  to  be 
superior  at  1  hr.  (3)  The  sleep  curves  are  practically  horizontal 
lines  from  1  hr.  on.  (4)  The  pronounced  similarity  of  the  re- 
sults for  the  two  /S^s.  A  study  of  the  data  in  tables  V  and  VI  for 
the  3  lists  combined  gives  a  conception  of  the  reliability  of  the  dif- 
ferences between  the  sleep  and  waking  curves.  For  G  the  calcula- 
tions of  the  D/PEdiff.  for  the  comparisons  of  sleep  and  waking  are 
as  follows:  8  hrs.  7.90;  4  hrs.  2.34;  2  hrs.  1.55;  for  V  they  are: 
8  hrs.  3.94 ;  4  hrs.  2.12 ;  2  hrs.  0.51.  For  both  /S^s  the  fluctuations  in 
the  sleep  curve  after  1  hr.  are  not  statistically  significant. 

Table  VII  gives  another  way  of  comparing  the  reliability  of  the 
differences  between  sleep  and  waking,  this  time  in  terms  of  over- 
lapping. This  table  gives  the  percentage  forgotten  for  each  S,  for 
each  experimental  sitting — total  repetitions  to  learn  3  lists — at  the 
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various  time  intervals.  The  average  of  each  column  is  then  given 
and  the  minus  signs  in  front  of  certain  percentages  indicate  those 
which  are  less  than  the  average  of  the  series  with  which  they  are 
compared.    This  comparison  again  indicates  the  superiority  of  sleep 
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at  4  and  8  hours  and  its  slight  advantage  at  2  hours.  The  percent- 
ages within  each  column  of  this  table  occur  in  chronological  order ; 
so  that  the  reader  may  compare  the  first  experiment  for  1  hour  of 
sleep  with  the  first  experiment  for  any  of  the  other  series;  and  in 
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the  same  manner  any  other  experiment  can  be  compared  with  any 
of  its  chronologically  corresponding  experiments,  for  instance,  the 
fifth  can  be  compared  with  all  the  other  fifth  experiments. 

The  two  methods  of  studying  the  reliability  of  the  differences  be- 
tween the  sleep  and  waking  curves  agree  in  giving  sleep  a  definite 
advantage  at  8  hours.  Although  the  differences  at  4  hours  are  only 
a  little  over  2  times  their  PE^s  it  should  be  remembered  from  our 
discussion  above  that  the  reliability  here  is  greater  than  the  formula 
indicates,  since  N  in  this  case  is  8  experiments  and  not  merely  8  lists 
as  in  previous  comparisons.  The  comparison  of  the  individual  ex- 
periments at  4  hours  adds  some  weight  to  the  reliability  of  this  dif- 
ference. Of  course  the  difference  at  2  hours  is  not  at  all  reliable ; 
but  in  the  light  of  the  general  direction  of  the  curve  and  the  sim- 
ilarity of  the  curves  for  both  iSs  it  may  be  considered  at  least  sug- 
gestive of  a  real  but  slight  difference  at  2  hours. 

Method  of  learning.  G  reports  that  her  method  of  learning  was 
largely  by  the  use  of  visual  images.  When  she  could  correctly  an- 
ticipate a  syllable  she  could  usually  see  the  syllable  before  hand. 
Many  times  she  had  a  visual  image  which  included  the  2  or  3  syl- 
lables following  the  one  which  she  was  saying  or  was  about  to  say, 
the  visual  images  keeping  ahead  of  the  actual  anticipation  of  the 
syllables.  Occasionally  syllables  were  anticipated  in  the  form  of 
auditory  images,  without  any  visual  image  preceding  the  apprehen- 
sion of  the  syllable  itself.  Some  few  syllables  just  seemed  to  '  *  say 
themselves"  at  times.  When  this  occurred  it  was  likely  to  be  the 
last  2  or  3  syllables.^^  G  reports  that  the  first  time  through  the  list 
she  was  satisfied  to  be  able  to  pronounce  the  syllables  and  decide  if 
each  syllable  was  hard  or  easy.  The  first  syllable  was  often  hard  to 
learn ;  while  the  last  three  were  usually  easy.  A  certain  impressive 
syllable  would  usually  be  learned  first  and  then  those  in  the  first  or 
second  positions  preceding  or  following  it  would  be  grouped  with 
it,  the  rest  of  the  list  being  gradually  built  onto  this  nucleus.  The 
meanings  which  came  with  some  syllables  seemed  to  be  a  help  in 
the  early  part  of  the  experiment;  in  the  latter  part  of  the  experi- 
ment fewer  meanings  came  and  when  they  did  come,  seemed  to  be  a 
hindrance.  Syllables  containing  z,  j,  or  g  seemed  especially  hard 
for  G  to  learn ;  while  any  containing  a  w  seemed  easy — tv  's  having 
been  very  hard  during  the  practice  series. 

35  This  is  probably  the  case  of  a  muscular  habit  having  been  formed  before 
the  "ideational"  response  or  conscious  response  of  calling  up  an  image  of  the 
syllable.  V  noticed  the  same  thing  in  his  learning,  perhaps  more  frequently 
than  G. 
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F's  method  of  learning  was  largely  a  matter  of  visual  images, 
he  frequently  being  able  to  visualize  the  list  three  or  possibly  more 
syllables  ahead  of  the  one  he  was  saying.  At  times,  however,  syl- 
lables were  recalled  by  auditory  images,  V  being  unable  to  visualize 
the  syllable.  These  latter  syllables,  however,  were  always  trans- 
formed into  visual  images  before  the  list  w^as  mastered.  A  number 
of  times  V  found,  much  to  his  surprise,  that  certain  syllables  simply 
' '  said  themselves, "  as  G^  also  reported.  Introspectively  this  seemed 
to  y  to  be  a  muscular  habit  formed  before  the  "ideational"  re- 
sponse, or  before  the  conscious  response  of  calling  up  an  image  of 
the  syllable.  In  the  practice  series  V  formed  the  habit  of  trying  to 
fix  the  first  two  or  more  syllables  on  the  first  presentation ;  usually 
he  could  anticipate  the  first  syllable,  and  many  times  the  first  two, 
on  the  second  presentation.  He  would  hold  a  visual  image  of  the 
first  syllable  in  the  background  of  his  consciousness  while  appre- 
hending and  pronouncing  audibly  the  rest  of  the  list ;  then  on  the 
second  presentation  he  would  anticipate  the  first  syllable,  get  a 
visual  image  of  the  second,  if  he  had  not  been  able  to  anticipate  it, 
and  go  on  pronouncing  the  rest  of  the  list.  The  next  time  the  third 
syllable  would  be  held  in  consciousness,  and  so  on  down  through 
most  of  the  list.  During  this  procedure  the  last  one  or  two  syllables 
would  usually  become  impressed  without  the  above  technique,  and 
often  other  syllables  in  the  last  part  of  the  list  would  seem  to  im- 
press themselves.  F's  most  efficient  procedure,  however,  seemed  to 
consist  in  building  up  the  list  from  top  to  bottom  by  this  procedure 
of  holding  visual  images  of  certain  syllables.  He  is  not  able  to  de- 
cide whether  his  attention  shifted  from  this  image  to  each  syllable 
he  was  apprehending  or  w^hether  the  image  remained  as  a  back- 
ground upon  which  each  syllable  was  apprehended.  Sometimes  his 
attention  would  shift  and  he  would  lose  the  image  which  he  was 
holding  and  as  a  result  would  not  be  able  to  anticipate  that  syllable 
on  the  next  presentation.  V  does  not  believe  that  this  image  was 
accompanied  by  any  subvocal  pronunciation  of  the  syllable  which 
was  being  visualized.  In  the  early  part  of  the  experiment  too  much 
attention  had  to  be  paid  to  pronunciation  of  the  successive  syllables 
to  seem  to  allow  any  opportunity  for  such  subvocal  activity.  As  V 
seemed  to  improve  in  ability  to  apprehend  the  syllables  he  might 
have  been  able  to  crowd  in  some  subvocal  rehearsal  of  this  image 
which  was  being  visualized;  but  he  made  no  effort  to  do  so.^^    It 

36  V,  at  least,  in  the  latter  part  of  the  experiment  believes  that  he  could 
have  crowded  in  rehearsals  of  parts  of  the  lists  if  he  had  tried,  but  he  refrained 
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was  of  interest  to  V  to  notice  that  if  some  syllable  in  the  middle  or 
latter  part  of  the  list  became  impressed  rather  early  in  the  learning 
it  would  then  tend  to  come  up  as  a  response  when  no  response  was 
ready  for  a  syllable  earlier  in  the  list. 

Comparison  of  results  with  those  of  other  investigators.  The 
results  of  Jenkins  and  Dallenbach,  and  of  Dahl  agree  with  our  own 
in  showing  the  favorable  effect  of  sleep  at  4  and  8  hours.  At  the  1- 
and  2-hour  intervals  the  three  studies  stand  in  opposition  to  one 
another.  Dahl  attributed,  in  part  at  least,  the  fact  that  the  sleep 
curve  was  lower  than  the  waking  at  1  and  2  hours  to  the  "schlaf- 
trunkenheit"  of  the  ySs  at  those  hours,  producing  an  uncritical  atti- 
tude and  the  tendency  to  give  more  ''yes"  answers.  As  a  result  of 
Dahl's  comment  we  took  especial  pains  to  get  the  >SiS  thoroughly 
awake  (see  p.  21)  before  doing  the  relearning  at  night.  Our  re- 
sults show  no  difference  between  sleep  and  waking  at  1  hour  and  a 
very  slight  and  not  reliable  difference  at  2  hours.  Jenkins  and  Dal- 
lenbach reported  that  frequently  their  ^s  arose,  did  the  recalling 
and  in  the  morning  had  no  recollection  of  it. — This  never  happened 
in  our  investigation. — It  may  be  that  their  /S^s  did  the  recalling  in  a 
trance  state  and  accordingly  did  better  than  they  would  if  they 
had  been  fully  awake,^^  It  should  be  noted  that  the  Ss  tested  by 
Jenkins  and  Dallenbach,  and  by  Dahl,  did  not  know  when  they 
were  to  be  wakened  for  testing  in  the  sleep  experiments,  while  our 
/S's  always  knew  when  they  were  to  be  wakened.  So  far  as  our  Ss 
could  tell  subjectively,  the  fact  that  they  knew  when  they  were  to 
"be  wakened  did  not  affect  their  going  to  sleep  and  therefore  does 
not  seem  to  be  acceptable  as  even  a  partial  explanation  for  the  dis- 
crepancy at  1  hour  between  our  results  and  those  of  Jenkins  and 
Dallenbach.  Table  IV  shows  that,  in  the  case  of  V,  learning  was 
definitely  more  difficult  at  12 :  30  A.  M.  and  1 :  30  A.  M.  than  at 
any  other  time.  This  fits  in  with  F's  subjective  report  that  it  re- 
quired much  more  effort  for  him  to  do  the  learning  or  relearning 
at  these  times  than  at  the  other  times.     This  condition  may  be  simi- 

from  so  doing.  The  speed  at  the  beginning  was  sufficiently  fast  to  prevent 
this.  V  is  also  of  the  opinion  that  he  might  be  able,  by  change  of  aufgabe, 
to  produce  evidence  of  the  potency  of  either  primacy,  recency,  or  intermediacy 
of  serial  position,  that  is  making  it  his  task  to  hold  the  images  at  the  begin- 
ning, end,  or  middle  of  the  list  first. 

37  A  hypnotized  subject  tested  once  each  for  2-,  4-,  8-,  and  24-hr.  inter- 
vals, by  Jenkins  and  Dallenbach,  gave  100%  recollection  at  the  first  three 
periods  and  80%  at  the  last.  As  Jenkins  and  Dallenbach  state,  authorities  on 
hypnosis  disagree  as  to  vrhether  memory  is  intensified  or  weakened  during  this 
state.  See  for  example,  J.  M.  Stalnaker  and  L.  E.  Eiddle,  The  effect  of 
lypnosis  on  long-delayed  recall,  J.  Gener.  Psychol.,  1932,  6,  429-440. 
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lar  to  the  great  drowsiness  (sehlaftrunkenheit)  reported  and  exhib- 
ited by  Dahl's  /S^s  at  these  intervals.  In  our  case,  however,  G  did 
not  exhibit  this  variation  in  performance  as  did  V,  and  yet  the  re- 
sults of  the  two  are  the  same  for  the  various  time  intervals. 

One  might  readily  expect  some  divergence  in  the  results  of  these 
three  investigations  due  to  the  different  methods  used.  Undoubt- 
edly the  procedure  of  our  study  was  the  most  difficult  of  the  three 
memory  tasks  and  would  seem  to  require  much  more  thorough  coop- 
eration from  an  aroused  S.  In  view  of  the  great  divergence  in 
procedure,and  in  difficulty  of  method, the  fact  that  the  three  studies 
agree  in  confirming  the  conclusion  that  retention  after  4  and  8  hr. 
of  sleep  is  definitely  better  than  after  4  and  8  hr.  of  waking,  would 
seem  to  be  of  major  significance.  For  reasons  stated  in  the  pro- 
cedure our  study  would  seem  to  be  the  most  reliable  and  exacting  of 
the  three.  It  is  evident,  however,  that  more  investigation  of  the  1- 
and  2-hr.  intervals  is  desirable. 

TABLE  VIII 

Percentages  Eetained  after  Ceetain  Time  Intervals  According  to  Various  Investigators 

Using  Savings  Method 


Time  in 
hrs. 


Ebbinghavs 
Obtained-Theoretical-Diff. 


Radosavlje- 
vieh 


FinTcen- 
binder 

Lnh 

72.8 

65.9 

69.4 

66.4 

54.9 

65.5  (8  hrs.) 

63.0 

57.8 

52.1 

58.8 

55.5 

47.7 

Boreas 


van 
Ormer 


Ihr. 

2  hrs. 

4  " 
8-9 
16  " 
24  " 
36  " 
48  " 


44.2 


46.7    -2.5 


35.8  (8.8  hrs.)   34.5    +1.3 

33.7  30.4    +3.3 

27.8  28.1    -0.3 


70.7 


47.4  (8  hrs.) 

68.9 

60.9 


64.19 

57.59  (9  hrs.) 

59.21 

50.40 


44.1 
38.5 
34.1 
23.9 


Table  VIII  offers  a  comparison  of  our  waking  curve  with  other 
curves  of  retention.  As  far  as  it  goes,  our  curve  is  more  comparable 
to  that  of  Ebbinghaus  than  to  any  of  the  others.  Notice  that  there 
is  perfect  agreement  at  1  hr.  Our  8-hr.  retention,  however,  is  defi- 
nitely lower  than  his.  The  various  exacting  features  of  our  pro- 
cedure would  seem  to  explain  the  lower  percentages  of  retention 
than  other  investigators,  following  Ebbinghaus,  have  obtained.  It 
would  seem  that  the  lists  constructed  by  us  and  the  learning  pro- 
cedure, especially  the  elimination  of  rhythm,  have  made  our  inves- 
tigation a  closer  approximation  to  a  study  of  pure  rote  memory 
than  was  even  that  of  Ebbinghaus.  This  may  account  for  our  per- 
centage of  retention  definitely  low-er  than  Ebbinghaus  at  8  hr.    For 
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it  would  seem  that  rhythm  used  in  learning  and  meanings  interject- 
ing themselves  might  be  more  of  an  aid  to  retention  after  8  hr.  than 
over  a  shorter  period  of  time. 

Summary  op  Results 

1.  No  reliable  difference  was  found  for  the  average  number  of 
repetitions  required  for  the  learning  of  the  1st,  2nd,  and  3rd  lists 
of  an  experimental  sitting. 

2.  The  practice  curves  demonstrate  the  great  amount  of  im- 
provement which  can  take  place  from  continued  practice  in  a  par- 
ticular function;  thoy  further  show  that  practice  was  not  elimi- 
nated from  the  main  experiment — but  the  data  seem  to  indicate 
that  it  was  rather  well  controlled  by  the  planned  haphazard  orders 
of  the  experiments — ;  in  addition  the  curves  show  an  interesting 
difference  in  the  learning  performance  of  the  two  ySs. 

3.  In  studying  diurnal  variation  in  learning  performance,  re- 
liable differences  were  found  between  9 :  30  A.  M.  and  11 :  30  P.  M. 
Partially  reliable  differences  were  found  between  9 :  30  A.  M.  and 
the  1-,  2-,  and  4-hr.  night  checks.  No  day  time  variation  in  G's 
learning  performance  was  found  for  the  day  time  periods  tested. 
The  10 :  30  and  11 :  30  A.  M.  and  the  1 :  30  P.  M.  periods  for  V  show 
partially  reliable  differences  from  the  9 :  30  A.  M.  period. — For  the 
direction  and  amount  of  these  differences  see  Table  IV,  p.  32. — The 
argument  put  forth  by  various  investigators  that  fatigue  would 
cause  learnings  at  5 :  30  P.  M.  to  take  longer  is  not  supported  by 
our  results.  There  are  probably  definite  individual  differences  in 
diurnal  variation  of  ability  to  learn  nonsense  syllables. 

4.  In  the  retention  curves  of  the  1st,  2nd,  and  3rd  lists  there  are 
various  irregularities  which  are  statistically  unreliable,  the  data  not 
making  it  possible  to  make  any  conclusions  regarding  the  compara- 
tive retention  of  the  1st,  2nd,  and  3rd  lists  of  an  experiment.  Ac- 
cordingly, for  the  comparison  of  sleep  and  waking,  the  retention 
was  calculated  on  the  basis  of  the  three  lists  combined. 

5.  In  the  case  of  our  /S's  retention  of  nonsense  syllables  as  mea- 
sured by  the  savings  method  is  definitely  better  after  8  hours  of  sleep 
than  after  the  same  time  interval  of  waking;  there  is  a  probably 
reliable  difference  in  favor  of  sleep  at  the  4-hr.  interval;  there  is 
merely  a  suggestive  difference  in  favor  of  sleep  at  the  2-hr.  inter- 
val ;  and  there  is  no  difference  between  sleep  and  waking  at  the  1-hr. 
interval. 
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G.  The  similarity  of  the  curves  of  the  2  -Sfs  is  significant  in  view 
of  the  differences  in  the  attitudes  with  which  they  came  to  the  in- 
vestigation, 

7.  The  fluctuations  in  the  sleep  curves  after  the  1-hr.  period  are 

unreliable. 

8.  The  method  of  learning  employed  by  the  Ss  was  largely  a 
visualizing  procedure. 

9.  The  results  of  this  investigation  stand  mid-way  between  those 
of  Jenkins  and  Dallenbach  and  of  Dahl,  on  the  question  of  the  dif- 
ference between  sleep  and  waking  at  the  1-  and  2-hr.  periods. 

10.  The  waking  curves  of  retention,  as  far  as  they  go,  approxi- 
mate more  closely  those  of  Ebbinghaus  than  of  any  other  investi- 
gator. 

PROBLEMS  FOR  FURTHER  STUDY 

The  following  additional  problems  are  suggested  in  connection 
with  this  question  of  sleep  and  retention. 

1.  Comparison  of  the  sleep  and  waking  curves  from  8  hr.  on. 
Heine's  study  was  related  to  this. 

2.  A  comparison  of  retention  over  24  hr.,  when  the  sleep  comes 
after  interpolated  waking  intervals  of  different  temporal  length. 

3.  A  comparison  of  sleep  and  waking  with  sleep  occurring  in 
the  day  time  and  waking  at  night. 

4.  A  comparison  of  retention  after  sleep  and  waking  with  at- 
tempts to  sleep  more  than  8  hr. 

5.  The  study  of  retention  when  the  subject  is  anesthetized  im- 
mediately upon  completion  of  the  learning. 

6.  Further  study  of  the  1-  and  2-hr.  periods. 

7.  Repetition  of  Dahl's  study  taking  especial  care  to  have  the 
iS's  thoroughly  awake  to  ascertain  if  recognition  is  really  poorer 
after  1-  and  2-hr.  of  sleep  than  after  waking. 

8.  A  study  of  muscular  tension  in  relation  to  this  problem  of 
sleep  and  retention. 

9.  More  studies  of  retention  when  the  learning  and  relearning 
are  done  in  the  hypnotic  state ;  and  also  when  the  learning  is  done 
in  the  normal  state  and  the  recalling  in  the  hypnotic  state. 

10.  More  studies  such  as  Spight's,  using  spaced  learning  and 
comparing  rest  periods  filled  with  sleep,  versus  rest  periods  of 
waking. 

11.  Studies  of  sleep  and  retention  using  meaningful  material  of 
various  sorts  and  motor  performances. 


DEPARTMENT  OF  PSYCHOLOGT 

LiL.iIAr.';- 

UNIVERSITY  OF  PORTLAND 


SLEEP  AND  OF  WAKING  45 

THEORETICAL  CONSIDERATIONS 

Heine  (12)  interprets  her  results  in  favor  of  sleep  as  due  to  the 
elimination  of  the  retroactive  inhibition  produced  by  the  day  activi- 
ties which  normally  follow  learning.  Jenkins  and  Dallenbach  con- 
clude that,  "The  results  of  our  study  as  a  whole  indicate  that  for- 
getting is  not  so  much  a  matter  of  the  decay  of  old  impressions  and 
associations  as  it  is  a  matter  of  interference,  inhibition,  or  oblitera- 
tion of  the  old  by  the  new.''  (14,  p.  612).  Dahl  (5),  stating  that 
retroactive  inhibition  has  never  been  demonstrated  for  recogni- 
tion,^^ rejects  Heine's  and  Jenkins  and  Dallenbach 's  conclusion  and 
merely  suggests  that  the  fact  that  sleep  favors  recognition  must  be 
due  to  some  influence  which  either  sleep  or  waking  has  upon  the 
impressed  material. 

It  is  suggested  that  our  results  in  favor  of  sleep  are  brought 
about  by  the  absence  of  the  inhibition  and  obliteration  of  the 
learned  material  by  the  waking  activity.  But  if  it  is  just  a  ques- 
tion of  absence  of  inhibition,  why  do  the  curves  of  sleep  and  wak- 
ing coincide  at  1  hr.  and  diverge  from  then  on  ?  May  it  not  be  that 
the  waking  activity  not  only  inhibits  and  obliterates  what  has  been 
learned,  but  that  it  also  prevents  or  holds  in  check  a  perseveration 
or  consolidation  process  which  continues  for  a  while  in  the  nervous 
system  after  the  impression  of  the  learned  material  1^^  The  persev- 
eration process  may  frequently  be  at  its  height  for  the  first  part  of 
the  hour  following  learning.*"  The  inhibition  produced  by  the  wak- 
ing activity  for  the  first  ten  minutes  after  learning,  before  it  is  pos- 
sible to  get  to  sleep,  and  possible  inhibition  from  the  process  of 
going  to  sleep,  itself,  thus  interfere  with  a  very  effective  part  of  the 
perseveration  process ;  and  accordingly  their  effects  practically  over- 
balance, for  the  1-hr.  sleep  period,  the  50  minutes  of  sleep  within 
which  there  is  a  possible  continuation  of  the  perseveration  process 
and  the  absence  of  inhibition  and  obliteration  by  waking  activity. 
It  is  also  very  possible  that  the  process  of  getting  awake  and  the 
little  activity  interpolated  between  awaking  and  relearning  also 
have  an  inhibitory  effect  which  would  aid  in  keeping  the  retention 

38  Dahl  probably  based  his  statement  on  the  work  of  Heine  (12).  Wood- 
worth  and  Poffenberger  (32,  p.  112-113)  criticize  Heine's  procedure  and  point 
out  that  certain  work  by  Strong  (30)  demonstrates  retroactive  inhibition  for 
recognition. 

39  This  idea  of  a  perseveration  process  is  not  new.  See  e.g.  Miiller  and 
Pilzecker  (21)  and  Skaggs  (28),  who  have  argued  for  a  perseveration  process 
to  explain  retroactive  inhibition.  Woodworth  (31)  has  also  argued  for  a 
consolidation  process  following  active  learning. 

40  Skaggs  (28,  p.  27),  "Work  introduced  immediately  after  the  learning 
produced  the  greatest  amount  of  inhibition."     Also  see  Skaggs  (27). 
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for  the  1-hr.  sleep  period  down  to  the  level  of  the  waking  period. 
These  results  on  the  one-hour  period  would  suggest  that  a  persev- 
eration process  does  exist,  at  least  for  the  first  10  or  15  minutes 
following  learning. 

The  results  in  favor  of  sleep  for  the  remaining  time  intervals, 
and  the  results  of  the  Jenkins  and  Dallenbaeh  study  from  2  hr.  on, 
are  hard  to  reconcile  with  the  law  of  atrophy  through  disuse.  It 
may  be  argued  that  sleep  refreshes  the  organism  and  recall  is 
thereby  benefited.  But  if  such  is  the  case  it  may  be  asked  why  re- 
tention, or  reinstatement,  after  8  hr.  of  sleep  is  no  better  than  after 
1  hr.  of  sleep?  Certainly  refreshment  or  physiological  recovery — 
if  produced  by  sleep — is  far  from  complete  after  1  hr.  And  it  must 
be  remembered  that  the  retention  after  1  hr.  is  the  same  for  sleep 
and  waking  in  the  case  of  our  Ss,  which  would  hardly  be  the  case  if 
the  sleep  had  produced  a  refreshed  state  which  was  beneficial  to  re- 
instatement. The  more  plausible  explanation  of  our  results  in  favor 
of  sleep  for  the  latter  three  periods  would  seem  to  lie  in  the  further 
absence  of  inhibition  and  obliteration  of  the  learned  material  by  the 
waking  activity ;  with  the  additional  possibility  that  the  persevera- 
tion process  may  continue  for  a  longer  period  than  the  first  hour.*^ 

In  view  of  the  present  state  of  neurological  knowledge  concern- 
ing learning,  any  discussion  of  the  nature  of  the  neural  activity 
which  may  produce  this  perseveration  of  learned  material  and  also 
bring  about  this  inhibition  and  obliteration  of  learned  material  by 
waking  activity,  would  seem  rather  futile.  Our  results,  however, 
would  suggest  that  a  primary  factor  in  forgetting  is  the  action  of 
the  interpolated  activity  as  it  inhibits  a  consolidation  or  persevera- 
tion process  and  produces  inhibition  and  obliteration  of  the  learned 
material. 

CONCLUSIONS 

(1)  For  our  fi's  the  retention  curves  of  nonsense  syllables  for 
periods  of  sleep  and  of  waking  coincide  at  1  hr. ;  from  then  on  the 
sleep  curve  is  practically  a  horizontal  line  up  to  8  hr.,  with  the 
waking  curve  falling  away  from  the  former  after  the  1  hr.  interval 
at  an  angle  of  from  20  to  30  degrees,  slowing  off  appreciably  after 
the  2-hr.  interval,  but  failing  to  show  any  appreciable  slowing  off 
at  the  4-hr.  interval. 


41  Note  in  this  connection  the  tendency  of  interrupted  activities  to  persev- 
erate.  See  e.g.  Zeigarnik  (33).  It  is  also  relevant  to  note  the  tendency  of 
the  day's  activities  to  perseverate  some  hours  later,  or  as  one  lies  in  bed  before 
going  to  sleep.  Woodworth  (31,  p.  92)  has  suggested  the  possibility  of  a 
consolidating  process  lasting  for  some  hours  following  active  learning. 
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(2)  In  consideration  of  the  studies  of  Heine,  Jenkins  and  Dal- 
lenbach,  Dalil,  and  of  our  own  results,  the  conclusion  seems  estab- 
lished that  the  usual  amount  of  daily  sleep  (about  8  hr.)  favors  re- 
tention of  nonsense  syllables  over  that  time  interval. 

(3)  Regarding  the  more  specialized  generalization  that  reten- 
tion of  nonsense  syllables  is  better  even  after  short  time  intervals 
of  sleep  than  it  is  after  the  same  intervals  of  waking,  the  results 
are  conflicting.  Jenkins  and  Dallenbach's,  Dahl's,  and  our  own 
results  warrant  the  conclusion  that  retention  of  nonsense  syllables 
is  better  after  4  hr.  of  sleep  than  it  is  after  4  hr.  of  waking.  The 
former  of  the  two  above  mentioned  studies  and  our  own  would 
suggest  that  the  advantage  of  sleep  is  not  as  great  at  4  as  at  8  hr. 

(4)  In  view  of  our  results  it  is  suggested,  with  Jenkins  and 
Dallenbach,  that  the  favoring  of  retention  by  sleep  accounts  for 
Ebbinghaus'  discrepancy  from  8.8  to  24  hr.  Sleep  would  also 
seem  to  be  a  partial  explanation  for  the  discrepancies  in  the  curves 
of  Radosavljevich  and  of  Boreas  from  8-9  to  24  hr.  These  inves- 
tigators, not  controlling  diurnal  variation  in  performance,  probably 
have  it  as  at  least  one  other  factor  to  explain  their  discrepancies. 

(5)  The  fundamental  similarity  between  the  learning  of  non- 
sense syllables  and  of  other  verbal  material  seems  to  warrant  the 
extension  of  our  conclusions  to  apply  to  other  verbal  material. 
Accordingly,  the  four  above  mentioned  studies,  combined  with 
Spight's  suggestive  results,  indicate  that  retention  of  any  verbal 
material  is  probably  better  after  4  or  8  hr.  of  sleep,  than  after  the 
same  time  intervals  of  waking. 

(6)  Accepting  conclusion  (5),  the  results  of  these  studies  on 
sleep  and  retention  support  a  new  principle  of  efficient  study. 
Assuming  that  there  is  little  or  no  decrease  in  learning  efficiency 
at  the  late  evening  hours,  the  advantage  of  night  study,  as  sug- 
gested by  Jenkins  and  Dallenbach,  becomes  evident.  "Little  is 
forgotten  during  sleep,  and  on  waking,  the  learner  may  take  up 
the  task  refreshed  and  with  renewed  vigor."  (14,  p.  611). 

(7)  Our  results  from  the  1-hr.  period  suggest  the  existence  of 
a  perseveration  process  for  at  least  10  to  15  minutes  immediately 
following  learning. 

(8)  The  results  of  these  studies  on  sleep  and  retention,  com- 
bined with  the  recent  work  on  retroactive  inhibition,  necessitate 
the  revision  of  the  law  of  disuse.  As  suggested  in  a  similar  way 
by  other  writers,*^  it  is  quite  possible  that  forgetting  is  a  func- 

42  Foucault  (9)  ;  Jenkins  and  Dallenbach  (14)  ;  Hunter  (13)  ;  Eobinson 
(25);  McGeoch  (18)  and  (19). 
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tion  of  tlie  nature  of  the  interpolated  experience,  the  altered  en- 
vironmental contexts,  and  the  organic  state  of  the  individual  dur- 
ing and  subsequent  to  learning,  rather  than  intrinsically  a  function, 
of  the  period  of  disuse. 

BIBLIOGRAPHY 

1.  Bean,  C.  H.     The  curve  of  forgetting.     Arch.  Psyclwl,  1912,  No.  21. 

2.  Boreas,  Th.,  HEIPAMATIKAI   MNHMONIKAI  EPEYNAI,  B.  H  HO- 

PEIA  TH2  AH0H2  HpaKTiKw  Tr}<;'AKaSr]fJiia<i  'A^,;vwv,  5,  1930,o- 
382.  (E.xperimental  studies  of  memory.  2.  The  rate  of  forgetting. 
Proceedings  of  the  Academy  of  Athens,  1930,  5,  382.) 

3.  Cason,   H.     Specific   serial   learning ;    A    study    of   Ijackward    association. 

J.  Exp.  Psychol,  1926,  9,  195-227,  esp.  201-202. 

4.  Cassell,  E.  E.  and  Dallenbach,  K.  M.     The  effect  of  auditory  distraction 

upon  the  sensory  reaction.     Amer.  J.  Psychol.,  1918,  29,  129-143. 

5.  Dahl,    A.     tJber    den    Einfluss    des    Schlafens    auf    das    Wiedererkennen. 

Psychol.  Forsch.,  1928,  11,  290-301. 

6.  De   Camp,   J.   E.     A   study   of   retroactive   inhibition.     Psychol.    Monog., 

1915,  19,  No.  84,  esp.  11-13. 

7.  Ebbinghaus,   H.     Ueber   das   Gedachtnis.      1885.      English   translation   by 

H.  A.  Ruger  and  C.  E.  Bussenius,  Memory.     1913. 

8.  Finkenbinder,  E.  O.     The  curve  of  forgetting.     Amer.  J.  Psychol.,  1913, 

24,  8-32. 

9.  Foucault,   M.   Marcel.     Introduction   a   la  psychologic   de   la   perception: 

Experiences  sur  I'oubli  ou  sur  1 'inhibition  regressive.  Rev.  des  Cours 
et  Conferences,  1913,  21,  Series  1,  No.  5,  444-454. 

10.  Gamble,  E.  A.  Mc.     A  study  of  memorizing  various  materials  by  the  recon- 

struction method.     Psychol.  Monog.,  1909,  10,  No.  43,  esp.  18-23. 

11.  Glaze,  J.  A.     The  Association  value  of  non-sense  syllables.     Ped.  Sem.  ^• 

J.  Genet.  Psychol,  1928,  35,  255-269. 

12.  Heine,  Rosa.     tJber  Wiedererkennen  und  riickvpirkende  Hemmung.     Zsch. 

Psychol,  1914,  68,  161-236,  esp.,  225-234. 

13.  Hunter,  W.  S.     Chapter  15,  in  Foundations  of  Experimental  Psychology. 

1929,  C.  Murchison,  ed. 

14.  Jenkins,    J.    G.    and    Dallenbach,    K.    M.      Obliviscence    during    sleep    and 

•waking.     Amer.  J.  Psychol,  1924,  35,  605-612. 

15.  Kellogg,  W.  N.     An  experimental  comparison  of  psychophysical  methods. 

Arch.  Psychol,  1929,  No.  106. 

16.  Luh,  C.  W.     The  conditions  of  retention.     Psychol  Monog.,  1922,  31,  No. 

3,  Whole  No.  142,  1-87. 

17.  McDougall,  W.     Experimentelle  Beitrage  zur  Lehre  vom  Gedachtnis.     vom 

G.  E.  Miiller  und  A.  Pilzecker,  Mi7id,  1901,  10,  388-394,  esp.  393. 

18.  McGeoch,  J.  A.     Forgetting  and  the  law  of  disuse.     Psychol.  Bull,  1931, 

28,  670.     (Abstract  of  paper  read  to  1931  Amer.  Psychol.  Assoc.) 

19.  McGeoch,  J.  A.     Forgetting  and  the  law  of  disuse.     Psychol  Rev.,  1932, 

39,  352-370. 

20.  Morgan,  J.  J.  B.     The  Overcoming  of  distraction  and  other  resistances. 

Arch.  Psychol,  1916,  No.  35. 

21.  Miiller,  G.  E.,  and  Pilzecker,  A.     Experimentelle  Beitrage  zur  Lehre  vom 

Gedachtnis.    Zsch.  Psychol,  1900,  Erg.  1,  Pp.  300. 

22.  Miiller,  G.  E.  and  Schumann,  F.     Experimentelle  Beitrage  zur  Untersuch- 

ung  des  Gedachtnisses.  Zsch.  Psychol  4"  Physiol  Sinnesorgane, 
1894,  6,  81-190,  esp.  98-106. 

23.  Nicolai,  F.     Experimentelle  Untersuchung  iiber  das  Haften  von  Gesicht- 

eindriicken  und  dessen  zeitlichen  Verlauf.  Arch.  gcs.  Psychol,  1922, 
42,  132-149,  esp.  137. 


SLEEP  AND  OF  WAKING  49 

24.  Radossawljewitsch,  P.  R.  (now  Radosavljevich).     Das  Behalten  und  Ver- 

gessen   bei    Kindern   und   Erwachsenen    nacli    experimentellen   Unter- 
suchungen.    Piid.  Monog.,  1907, 1. 

25.  Robinson,  E.  S.     Practical  Psychology.     1926,  Pp.  479. 

26.  Schulze,  E.     Experimental  Psychology  and  Pedagogy.     Translated  by  R. 

Pintner.     1912.     Pp.  364,  esp.  235-238. 

27.  Skaggs,  E.  B.     Further  studies  in  retroactive  inhibition.     Psychol.  Monog., 

1925,  34,  No.  161,  1-69. 

28.  Skaggs,  E.  B.     The  major  forms  of  inhibition  in  man.     1931,  Pp.  104. 

29.  Spight,  Julia.     Day  and  night  intervals  and  the  distribution  of  practice. 

J.  Exp.  Psychol.,  1928,  11,  397-398. 

30.  Strong,    E.    K.,    Jr.     Two    factors   which    influence    economical    learning. 

J.  Philos.,  Psychol,  and  Scient.  Method.,  1914,  11,  124-131,  esp.  130- 
131. 

31.  Woodworth,  R.  S.     Psychology.     Revised   1929.     Pp.   590. 

32.  Woodworth,  R.   S.,  and  Poffenberger,   A.   T.     Textbook   of   Experimental 

Psychology.     1920,    mimeographed    edition    in    Columbia    University 
Library,  Pp.  285,  esp.  111-113. 

33.  Zeigarnik,    B.     Das    Behalten    erledigter    und    unerledigter    Handlungen. 

Psychol.  Forsch.,  1927,  9,  1-85. 


mZniUmP.'^..^'^''    ''BRAR 


3    OOOS    0303?tlll 


1^0.8 

A673 
no, 137 

Archives  of  Psychology 


\ 


1^0.8 

A673 

no. 137 

Archives  of  Psychology 


ARCHIVES  OF  PSYCHOLOGY 
List  of  numbers,  continued  from  inside  front  cover 

Col  logo 


08.    Experimental      Stiullps      of 

Tcaelilnj?:  H.  K.  Jones.     |;i.l-;j. 
Oil.    Inlluence  of  Ticatmont  for  Intfstlnnl       108 

Toxemia  on  Mental  and   Motor   ICtll- 

cicncy  :  A.  E.  Paulsen.    $1.00. 

70.  Study  of  SugKeMtibllity  of  Children  :       109. 
M.  Otis.    Ifl.so. 

71.  I'ralse  and  Reproof  a.s  IneentiveH  for 
Children:  E.  R.  HruLOCK.     $1.00,  no 

73.  Experimental  Studv  of  Thinking:  E 
Heidhrkukk.     .'Pl.75. 

74.  E.'ftimatinn  of  Time:  R.  AxEi,.    $1.00         111 

77.  Tested  Mentality  as  Related  to  Sup- 

eess  iu  Sliilled  Trade  TruininK :  T.  -M.        112. 
AnEL.    Si. 25. 

78.  ARnre.ssive     Behavior     In     a     Small       113. 
Social  Group :  E.  M.  Riddle.     $1.75. 

79.  Memory  Value  of  Advertisements  :  K.        114. 
R.  Brandt.     $1.25. 

80.  Critical  Examination  of  Test-Scoring 
Methods  :  R.  G.  Anderson.    $1.00. 

81.  Thermal  Discrimination  and  Weber's       115. 
Law:  E.  A.  K.  Ci'LLEu.     $1.75. 

82.  Correlational  Anal.vsis  of  Ty,)inK  Pro-       ll(i. 
ticiency  :  L.  ArKERsoN.     $1.50. 

83.  Recall  as  a  I<>inction  of  Perceived  Re-       117. 
lations  ;  C.  B.  Ket.    $1.25. 

84.  Consistency  of  Rate  of  Work :  C.  E,       118. 
Down.    $1.00. 

85.  Experimental    Investigation    of    Re-       119. 
covery  from  Work :  S.  L.  Crowley. 
$1.25. 

86.  Facilitation    and    Inhibition:    T.    N.       120. 
Jenkins.    $1.00. 

87.  Variability    of    Performance    in    the       121. 
Curve   of   Work :    J.    D.    Weinland. 
$1.00. 

88.  Mental  Hygiene  Inventory:  S.  D. 
House.    $1.50.  122. 

89.  Mental  Set  and  Shift :  A.  T.  Jbbsild. 
$1.25.  123. 

90.  Experimental  Investigation  of  Rest 
Pauses  :  C.  W.  Manzer.    $1.25.  124. 

91.  Routine  and  Varying  Practice  as 
Preparation  for  Adjustment  to  a  New 
Situation  :  L.  W.  Crafts.    $1.00.  125. 

93.  Speed  and  Other  Factors  in  "Racial" 
Differences:  O.  Klinebero.    $1.50.  12G. 

94.  Relation  of  Reaction  Time  to  Intelli- 
gence, Memory,  and  Learning :  V.  W. 
Lemmon.    80c.  127. 

95.  Is  the  Latent  Time  in  the  Achillas 
Tendon  Reflex  a  Criterion  of  Speed 

in  Mental  Reactions?    G.  H.  Rounds,       128. 
$1.25. 

96.  Predictive  Value  of  Tests  of  Emo- 
tional Stability  Applied  to  College 
Freshmen  :  E.  G.  Plemmino.     $1.00.        129. 

97.  Vocabulary  Information  Test :  A.  L. 
Weeks      $1 00 

98.  Effect  of  Temporal  Arrangements  of       130. 
Practice  on  the  Mastery  of  an  Animal 
Maze :  S.  A.  Cook.    80c. 

99.  Recognition  Time   as   a  Measure  of       131. 
Confidence :  G.  H.  Seward.     $1.00. 

100.  Precision  and  Accuracy :  G.  W.  Hart- 
man.    80c.  132. 

101.  Group  Test  of  Home  Environment : 
E.  M.  BuRDicK.    $1.50. 

102.  Effect  of  Material  on  Formal  Syllo-       133. 
gistic    Reasoning:    M.    C.    VVilkins. 

^1-25. 

103.  Effect  of  Incentives  on  Accuracy  of       134. 
Discrimination:    H.    C.    Hamilton. 
$1.25. 

104.  Validity  of  Norms  with  Special  Refer-       135. 
ence  to  Urban  and  Rural  Groups :  M. 

E.  Shimberg.    $1.25. 

Blood    Pressure    Changes    in    Decep-       136. 
tion  :  M.  N.  Chappell.     80c. 
Experimental  Comparison  of  Psycho- 
physical  Methods:   W.   N.   Kellogg.       137. 
$1.25, 
Measurement  of  Verbal  and  Numen- 


M.    M.     R.    SCIINBCK. 

'    .1 


ml    Abllltlea; 
$1.00. 

Cli 
II. 

Pr.  ■    ,,i 

Tr.  „  .  .,.,,. 

<  ourHt^  :  1, 

MuhIc        A|M'  ,'ri 

niental  Approutli  to  Iim  Mt^Hurtruieut : 

,M.  J.  Adikr.     $1.60. 

.M<  '  In  KaMhion:   K.  B.  llvti- 

i.iii  '(». 

Ei(li-iiM.»    .li    ' '      '-    !■  vrhophvd- 

IcH  :  W.  N.  '. 

IIIIIsImIW      il,  ..r      V'l,..rf 

Til 
Fill 

tatluii    l'ro<-eKH    Iu    l.iv«rnini- 
Skaooh,  a.   <;ruhhuan,   U   i 
W.  C.  F.  Kbukger.     hoc. 
Factors   Affecting  the   Galvanic   Re- 
flex: R.  C.  Davih.     $1.00, 
Infant'.s    Feeding    ReactlonH    During 
the  First  Six  Months  :  R.  RiriN.   Sfic. 
Mensuroment    of    Mental    Deteriora- 
tion :  FI.  BAitrofK.     $1.26. 
Phenomenon  of  I'ostural  Persistence: 
L.  S.  Sblling.    $1.00. 
American  Council  on  V.i  Rat- 

ing Scale:   Reliability,   \  and 

Use:  F.  F.  Buadsmaw.    $l.()u. 
Group  Factor  in  Imme<llute  Memory  : 
A.  Anastasi.    $1.00. 
Individual    Differences   in    the  Sense 
of  Humor  and  Tenii)erampntal  Differ- 
ences :  PoLYXENIE  KAMBOUROPOrLOO. 

$1.00. 

SugK'estiliillty  In  Normal  and  Hyp- 
notic Slates  :  G.  W.  Williams.  $1.00. 
Analytical  Study  of  the  Conditioned 
Knee-jerk  :  G.  R.  Wkndt.  $1.25. 
Race  Differences  in  the  Organization 
of  Numerical   and    Verbal   Abilities : 

J.  W.  DUNLAP.      $1.25. 

Errors  of  Measurement  and  Correla- 
tion :  E.  E.  Cdreton.    $1.25. 
P^xperlence  Factors,  Test  Scores  and 
Efllciency  of  Women  Office  Workers : 
N.  Bird.    $1.00. 

Delaye<l  Reactions  of  Infanta:  Sex 
Differences  in  Early  Retentlveness : 
C.  N.  Allen.    80c. 

Factors  Measured  by  the  Thomdike 
Intelligence  Examination  for  High 
School  Graduates :  J.  G.  Peatman. 
$1.00. 

Educational  Success  and  Failure  in 
Supernormal  Children :  J.  Regens- 
BPRO.     $1.75. 

Effect  of  Practice  on  the  Visual  Per- 
ception of  Form:  J.  P.  Seward,  Jr. 
$1.00. 

Relation  to  College  Grades  of  Some 
Factors  other  than  Intelligence :  D. 
Harris.    80c. 

Study  of  Psychological  Differences  Be- 
tween "Racial"  and  National  Groups 
in  Europe:  O.  Klineberc}.  $1.00. 
Emotional  Differences  of  Delinquent 
and  Non-Dcllnquent  Girls  of  Normal 
Intelligence:  A.  Codrthial.  $1.25. 
Learning  and  Retention  of  Pleasant 
and  Unpleasant  Activities  :  EL  Cason. 
$1  25. 

Experimental  Investigation  of  Bright- 
ness Constancy :  K.  B.  MacLeod. 
$1.25. 

The  Rorschach  Test  as  Applied  to  a 
Feeble-Minded  Group:  S,  J.  Beck, 
$1.00.  ,    „, 

Retention  after  Intervals  of  Sleep 
and  of  Waking:  E.  B.  van  Obmeb. 
$1.00. 


DIRECTORY  OF 
AMERICAN  PSYCHOLOGICAL  PERIODICALS 

American  Jocbnal  op  Psi-chology — Ithaca,  N.  Y. ;  Cornell  Unlversilv. 

Subscription  $6.50.  G24  pages  annually.  Edited  by  M.  F.  Washburn,  K.  M.  Dal- 
lenbach,  Madison  Bentley,  and  E.  G.  Boring.  Quarterly,  General  and  experimental 
psychology.     Founded  1887. 

JoDBNAL  OP  Genetic  Psichology — Worcester,  Mass. ;  Clark  University  Press. 

Subscription  $14.00  per  year ;  $7.00  per  volume.  1000  pages  annually.  (2 
volumes.)  IDdited  by  Carl  Murchison.  Quarterly.  Child  behavior,  animal  be- 
havior, and  comparative  psychology.     Founded  1891. 

Psychological  Review — Princeton,  N.  J. ;  Psychological  Review  Company. 

Subscription  $5.50.  540  pages  annually.  Edited  by  Howard  C.  Warren.  Bi- 
monthly.    General  psychology.     Founded  1894. 

Psychological  Monographs — Princeton,  N.  J. ;  Psychological  Review  Company. 

Subscription  $0.00  per  volume.  500  pages.  Founded  1895.  Edited  by  Herbert  S. 
Langfeld.     Published  without  fixed  dates,  each  issue  one  or  more  researches. 

Psychological  Index — Princeton,  N.  J. ;  Psychological  Review  Company. 

Subscription  $4.00.  300-400  pages.  Edited  by  Walter  S.  Hunter.  An  annual 
bibliography  of  psychological  literature.     Founded  1895. 

Psychological  Bulletin — Princeton,  N.  J. :  Psychological  Review  Company. 

Subscription  $6.00.  720  pages  annually.  Edited  by  Edward  S.  Robinson.  Monthly 
(10  numbers).     Psychological  literature.     Founded  1904. 

Archives  op  Psychology — New  York,  N.  Y. ;  Columbia  University. 

Subscription  $6.00.  500  pages  per  volume.  Edited  by  R.  S.  Woodworth.  Without 
fixed  dates,  each  number  a  single  experimental  study.     Founded  1906. 

Journal  of  Abnormal  and  Social  Psychology — Eno  Hall,  Princeton,  N.  J. ;  American 
Psychological  Association. 

Subscription  $5.00.  448  pages  annually.  Edited  by  Henry  T.  Moore.  Quarterly. 
Abnormal  and  social.     Founded  1906. 

Psychological  Clinic — Philadelphia,  Pa. ;  Psychological  Clinic  Press, 

Subscription  $3.00.  288  pages.  Edited  by  Lightner  Witmer.  Without  fixed  dates 
(9  numbers).     Orthogenics,  psychology,  hygiene.     Founded  1907. 

Psychoanalytic  Review — Washington,  D.  C. ;  3617  10th  St.,  N.  W. 

Subscription  $6.00.  500  pages  annually.  Edited  by  W.  A.  White  and  S.  E.  Jeliffe. 
Quarterly.     Psychoanalysis.     Founded  1913. 

Journal  op  Experimental  Psychology — Princeton,  N.  J. 

Psychological  Review  Company,  700  pages  annually.  Experimental.  Subscription 
$7.00.     Founded  1916.     Bi-monthly.     Edited  by  S.  W.  Fernberger. 

Journal  of  Applied  Psychology — Lancaster,  Pa. ;  The  Science  Press  Printing  Company. 
Subscription  $5.50.  400  pages  annually.  Edited  by  James  P.  Porter.  Bi-monthly. 
Founded  1917. 

Journal  of  Comparative  Psychology — Baltimore,  Md. ;  Williams  &  Wilkins  Company. 
Subscription  $5.00  per  volume  of  450  pages.  Three  volumes  every  two  years. 
Edited  by  Knight  Dunlap  and  Robert  M.  Yerkes.     Founded  1921. 

Comparative  Psychology  Monographs — Baltimore,  Md. ;  The  Johns  Hopkins  Press. 
Subscription   $5.00.     400   pages   per   volume.     Knight   Dunlap,    Managing  Editor. 
Published  without  fixed  dates,  each  number  a  single  research.     Founded  1922. 

Genetic  Psychology  Monographs — Worcester,  Mass. ;  Clark  University  Press. 

Subscription  $14.00  per  year;  $7.00  per  volume.  1000  pages  annually.  (2 
volumes.)  Edited  by  Carl  Murchison.  Monthly.  Each  number  one  complete  re- 
search. Child  behavior,  animal  behavior,  and  comparative  psychology.  Founded 
1925. 

Psychological  Abstracts — Eno  Hall,  Princeton,  N.  J. ;  American  Psychological 
Association. 

Subscription  $6.00.  700  pages  annually.  Edited  by  Walter  S.  Hunter.  MoHthly. 
Abstracts  of  psychological  literature.     Founded  1927. 

Journal  op  General  Psychology — Worcester,  Mass. ;  Clark  University  Press. 

Subscription  $14.00  per  year;  $7.00  per  volume.  1000  pages  annually.  (2  volumes.) 
Edited  by  Carl  Murchison.  Quarterly.  Experimental,  theoretical,  clinical,  and 
historical  psychology.     Founded  1927. 

Journal  op  Social  Psychology — Worcester,  Mass. ;  Clark  University  Press. 

Subscription  $7.00.     500  pages  annually.     Edited  by  John  Dewey,  Carl  Murchisos, 
and  international  cooperating  board.     Quarterly.     Political,  racial,  and  differentirV 
psychology.     Founded  1929.  '"    -,  ' 


/ 


